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PREFACE 


First Epitrion 


Tue following pages contain the records of observations which 
have been carried on at intervals during the last twenty years. 
In view of the increasing interest taken in the smoke problem 
in its relation to health, to the growth of vegetation, and to 
the disintegration of the stonework of ancient buildings, these 
records, some of which have already appeared in different 
scientific journals, are now collected together, and published 
in book form. We have at the same time uirodiiced the 
experimental results of other observers. 

Among the many aspects of the smoke problem which 
are included in the present inquiry, it will be seen that 
those only have been studied which afforded a definite and 
unequivocal result. We have, in consequence, felt ourselves 
obliged to give the health question a subordinate place. A 
little reflection will show that however much we may be 
convinced, or wish to be convinced, of the deleterious effects 
on health produced by breathing a smoke-laden atmosphere, 
ordinary medical statistics afford little definite information. It 
is impossible, in the majority of cases, to point with any 
certainty to specific cases of disease or mortality as due to this 
cause, or even mainly to this cause, unless it be during the 
occasional occurrence of dense fog. The only statistics known 
to us which bear definitely on the subject are those collected by 
Dr. Ascher, medical officer of Hamm, Westphalia, which have 
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been contributed to this volume at our request, and for which — 
we offer him our grateful thanks. They will be found in 
Appendix A, pp. 93-97. 

By avoiding unnecessary scientific detail, the material is 
presented in a manner which, it is hoped, may be readily 


understood by the non-scientific reader. 


Srconp EDITION 


Since the first edition of this volume appeared, there have 
been clear signs of a steadily growing interest in the smoke 
problem. 

In 1912, under the auspices of the Coal Smoke Abatement 
Society, an International Smoke Abatement Exhibition was 
opened at Islington, meetings and conferences were held and 
a committee on atmospheric pollution was appointed. This 
committee, which was afterwards incorporated with the 
Meteorological Office, as an advisory committee, devised and 
carried out a scheme for obtaining records in different towns 
of atmospheric pollution, following one of the methods adopted 
and described by us, namely, an estimation of the insoluble 
and soluble impurities carried down by rain. These records 
have been continued up to the present and form the material 
of nine annual reports. At the same time a Smoke Abatement 
League of Great Britain was inaugurated and has been active 
in promoting conferences and exhibitions of smoke preventing 
appliances and in other ways furthering the cause of smoke 
abatement. 

Two smoke abatement bills have been introduced since 
1912, one by Mr. A. G. C. Harvey, M.P., in 1913, which was 
not proceeded with, and another by Lord Newton in 1914 
which led directly to the appointment of a departmental 
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committee by Sir H. Samuel, President of the Local Govern- 
ment Board. 

This committee, which began its sittings under the chair- 
manship of Mr. Russell Rae, M.P. (upon which one of us was 
elected to serve), was suspended during the war. A recon- 
stituted committee, which was appointed in 1920 by Dr. 
Addison, Minister of Health, with Lord Newton as chairman, 
issued an interim report the same year and a final report 
in 1921. In these reports certain recommendations were 
made in view of future legislation, and a bill was drawn 
up for presentation to the House of Lords by the Earl of 
Onslow in 1922 but has not yet been proceeded with. 
It should be added that this bill has not been approved in 
its entirety by the Sanitary Inspectors’ Association, an ener- 
getic and experienced body whose opinion deserves careful 
consideration. 

Sufficient will have been said to indicate how much public 
feeling is being aroused by this ever present nuisance. 

Some important additions have been made to the material 
presented in the first edition, notably to the effect of smoke 
on vegetation, and a section has been added on “ the plant as 
an index of smoke pollution.”’ 

There are short references to the work of the Advisory 
Committee on Atmospheric Pollution, the Standard Gauge, 
Dr. Owens’ Automatic Filter and Dust Counter and the com- 
prehensive work on the disintegration of masonry by Sir Frank 
Barnes, to whose courtesy we are greatly indebted for the 


photographs illustrating this section. 
J. B. COHEN. 


A. G. RUSTON. 


LEEDS, 
March, 1925. 
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‘““There was a time, both in England and on the 
Continent, when smoke was considered a necessary evil 
which had to be suffered. After a while smoke began to 
be looked upon as a nuisance, and war was declared 
against it by those who suffered from its disagreeable 
properties ; but now we know that smoke is a waste, and 
that nobody has better cause to wage war against it than 
he who produces it. . . . Smoking chimneys are thieves 
and their misdeeds should not rise unavenged to Hea- 
ven. ... Itis, perhaps, not too much to say that the 
saving of national wealth effected by regenerative gas 
heating may amount to a sum sufficient to pay the 
aggregate national debts of all the civilised nations. 


’ 


O. N. WITT. 


Address to the Seventh International Congress of A; apo 
Chemistry, held in London, May 31, 1909. 


SMOKE 


A STUDY OF TOWN AIR 


INTRODUCTION 


THE subject of the emission of coal smoke from chimneys is 
one which has for many years past forced itself with aang 
prominence upon the notice of those residing in the larger 
towns. ma 

It is admittedly its esthetic rather than its economic aspect 
which has appealed, in the first instance, to popular sentiment. 
Blackened buildings, darkened skies, and the general air of dirt 
and gloom which are typical of ai Raglish“industrial centre 
have aroused a growing feeling of dissatisfaction among a 
certain section of the community, and-have-led-to the forma- 
tion_here-and-there-of societies-for_the_prevention_of smoke. 
Some_of-these-societies have pursued their object- with praise- 


conferences and exhibiti 
they—have~ sought to~ ; 
pointed to the loss of fuelzhich coal smoke entails, to the 
ID vitality of the inhabitants 
ted atmosphere, to the 
loss of daylight, 

It is a remarkable fact, nevertheless, that in face of the 
active propaganda of these societies, and a very widespread 
sympathy with their aims, as well as the existence of certain 
repressive legislative measures directed against the smoke of 
factories, placed in the hands of the local authority, the 
emission of smoke continues with almost unabated vigour from 
both house and factory chimneys. 

It might be interesting to inquire into the cause of this 
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general apathy, and of the practical failure of local control. It 
is in reality not difficult to explain. 

In the first place, there is the inertia of established custom 
which resists any change, especially in domestic organization. 

Assuming the existence of an effective system of burning 
fuel without smoke both for domestic and factory purposes, it 
would be difficult to persuade manufacturers or householders to 
adopt it unless it offered a substantial monetary saving more 
than sufficient to cover the initial outlay. In the second place, 
private and commercial interests dominate to a large extent our 
civic life. The authorities are rightly unwilling to interfere 
with the business of the manufacturer, or with the liberty of 
the private citizen, excepting in matters seriously affecting the 
public weal. It is useless to appeal to them on the ground 
that coal smoke is unsightly, or in a vague sort of way that it 
lowers vitality, or destroys vegetation. Aisthetic considerations 
possess little weight with the Legislature, and the effect of 
smoke on health must be very clearly proved before action is 
taken. Thus, no President of the Local Government Board has 
yet ventured to pledge himself to any definite policy for meet- 
ing the evil of smoke by more effective means than our present 
_ system affords, however inadequate that may be. Not even the 
enormous aggregate loss of fuel, amounting to nearly two and a 
half million tons, which passes into the air as smoke, disturbs 
him (see p. 11). That is the private concern of the householder 
and manufacturer. Thus matters are at a standstill. But if it 
can be shown beyond any question that the effects of smoke 
are distinctly injurious to health, or clearly pernicious in other 
ways, and that its removal can be effected without serious 
expense or discomfort, then the authorities have not only the 
right, but a positive duty to interfere and enforce more drastic 
means for its suppression. The question, then, arises : Have we 
any trustworthy information on the subject 2 What is the 
nature of soot ? What is the quantity emitted from domestic 
and from factory chimneys, and what is the quantity tempor- 
arily and permanently deposited ? What is the quantity 
suspended in the air, and to what extent does it affect health 2 
Does it corrode as well as discolour masonry, brickwork, and 
metalwork, and how far is it destructive to vegetation ? Do 
its effects extend beyond the immediate vicinity of the town ; 
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to what extent does it shut out daylight, induce or aggravate 
fog ? and, finally, what is the increased cost of cleaning ? 

It is to some of these questions that we have been trying to 
obtain definite answers. We have not entered at all into the 
subject of the cause and cure for smoke, which have been very 
thoroughly examined and discussed by other writers. Our 
attention has been directed to collecting together data on the 
imperfect combustion of coal, and presenting an accurate 
picture of the results. 

It is hoped that these facts will enable smoke abatement 
societies and others who are interested in the suppression of 
smoke to appeal with additional force and greater success than 
has hitherto attended their efforts to the central authority as 
well as to the general public. 


THE SOLID PRODUCTS OF COMBUSTION 


1. The Composition of Soot 


A vERY important—perhaps the most important—feature of 
the smoke problem lies in the nature of soot. Soot consists 
mainly of carbon, tar, and ash (mineral matter), together with 
small quantities of sulphur, arsenic, and nitrogen compounds, 
and frequently possesses an acid character. If it were entirely 
composed of carbon and mineral matter it would be rapidly 
removed by the first heavy rainfall, and there would probably 
be no steady accumulation of grime on brickwork, masonry, 
and vegetation, such as strikes the eye on entering a large 
manufacturing town. But the tar which soo causes 
it to adhere like a varnish, even to the polished surface of glass 
from—which a.current of water willi 

The analyses of soot which have been made from time 
to time by different experimenters show great variations in 
composition.t_ When one considers the very different condi- 
tions under which coal is burnt in the factory and the home, 
it is obvious that the character of the soot must vary. For 
soot is a product of incomplete combustion, and is formed 
partly by the mechanical removal of dust by the chimney 
draught, and partly by the decomposition of the fuel such 
as occurs in the process of destructive distillation. It might, 
therefore, be expected that the higher temperature and stronger 
draught of a factory furnace would produce a soot more by 


1 W. C. Roberts-Austen, Report on the London Smoke Abatement Ex- 
hibition, p. 9; Report of the Manchester Air Analysis Committee (1891), 
p. 7; Cohen ae Hefford, J. Soc. Chem. Ind. (1893), 12.4; W. Irwin, 
J. Boo. Chem. Ind. (1902), 21. 533 ; E. Knecht, Mem. Lit. ane Phil. Soc. 
Manchester (1905), 49. 14; R, H. Clayton, J. Gas Lighting (1907), 100. 
427. 
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mechanical removal and less by incomplete combustion than 
a domestic grate, in other words, a soot containing more ash 
and less tar. 

Not only is this the case but the character of the soot 
varies with the distance from the grate at which it has been 
deposited. 

The analyses given below illustrate these facts very clearly. 

The method of analysis was to extract the dried soot with 
ether to remove the tar (which was then estimated by distilling 
off the ether) and to burn the residue in a current of oxygen by 
the ordinary process. 

The first table gives the analyses of soot from domestic fire- 
places. The composition of the coal used is given in the 
second column, the composition of the soot from the kitchen 
flue in the third, and that at the bottom and top of the dining- 
room flue in the fourth and fifth columns. 


Analyses of Domestic Soot from Winston Gardens, Headingley. 
Dining Room Flue 


Constituents. Original Coal. Kitchen Flue. bottom top 
5 ft. from grate, 35 ft. from grate. 
Carbon. . . 76-80 52-34 36-45 37:22 
Hydrogen . . 4-90 3-68 3°51 3°51 
eee. Vir: 1-88 12-46 34:87 40-38 
Ash ote BY 17-80 5-09 4-94 


It will be seen how the higher temperature of the kitchen fire 
and stronger draught increase the amount of ash and decrease 
that of the tar when compared with the dining-room sample. 

The same result is given in another experiment carried out 
with soot from another house burning a different quality of 
coal, though the difference between kitchen and study flue is 
not so marked. 


Analyses of Domestic Soot from North Grange Mount, Headingley. 


Constituents. Original Coal. Kitchen Flue. Study Flue. 
Carboy 605). ~s 76-47 45-91 47-15 
Hydrogen... - 5522 2-18 4-85 
Aas, ate wea AN oe) de 0-92 10-20 15:68 
MAST Fev ed igh ks, de 2-10 27°34 20-22 


Ce Ser a aan om naSa Sen STC a ACS Tae” en 
1 The complete analyses and detailed description of the process are 
given in Appendix B, p. 98. 
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The following analyses are of soot from coal burnt in an 
ordinary grate and under a boiler attached to a chimney about 
110 feet high. 


Analyses of Soot from the University, Leeds. 


Boiler Chimney. 


: Original’ |! Ordigary |--—> (wie) Pe 
pataphie arene Coal. |Grate Flue Top of 


13 feet 70 feet : 
Bottom. from base.|from base. borers 


Carbon . . | 69-30 | 40:50 | 19-24 | 16-66 | 21-80 | 27-00 
Hydrogen .| 4:89 | 4:37 2:71 | 0:86 1-44 1-68 
Tarc.c > 1.) 16% A 2601 0-09 | 0-28 | 0-80 1-14 
Ash. . .| 848 | 18-16 | 73-37 | 75-04 | 66-04 | 61-80 


These analyses emphasize what was stated above as to the 
large increase in ash and decrease in tar in the boiler chimney. 
The last set of analyses are of soot taken from the bottom and 


top of the chimney of a brass foundry in Leeds burning liquid 
fuel. 


Analyses of Soot from a Brass Foundry, Leeds. 


Constituents. Bottom of Chimney. Top of Chimney. 
Caron sn akeg soe tia eet 11:36 47-71 
Hydrogen. -—@ 4 1:03 2:35 
Tar eae itaes ote et te 1-02 10-62 
Ash at cigs teeg hot ians 82-16 31-42 


This analysis shows a much larger quantity of tar in the 
soot from the top of the chimney than the previous one, and 
affords a good illustration of the enormous variation in the 
composition of soot from different fuels burnt under different 
conditions. \ 

In connection with the subject of the proportion of tar in 
soot,? reference should be made to the table on p. 16, giving the 
analyses of the suspended matter carried down by rain-water in 
different parts of Leeds. It will be seen that the proportion of 
tar is larger in the residential than in the industrial quarters of 


1 Monthly Weather Report of the Meteorological Office for April, 
1895, p. 9. 
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the city, and varying from about 4-5 per cent. at Hunslet, the 
centre of a large industrial area, to over 15 per cent. at Round- 
hay on the outskirts of the city. 


2. The Acidity of Soot 


An important feature of soot is its liability to contain acid. 

Dr. Russell found no acid in rain-water (p. 40) unless soot 
was present, and he was able to wash out the acid from soot with 
water and estimate its amount by titrating with decinormal 
alkali. The amount of free acid in 9 samples calculated as per- 
centage of sulphuric acid was as follows :— 


1-4, 0-5, 7-2, 0-0, 0-0, 4-9, 0-8, 1-2, 2-3. 


Dr. Russell remarks that “if the soot in the London air be 
generally acid its adherence to bodies and subsequent moisten- 
ing by rain will tend to corrode those bodies, and as the surface 
becomes roughened so will the soot more readily and more 
firmly adhere and the disintegrating action will proceed with 
increased rapidity.” 

Our own experiments performed in the same manner and 
calculated as sulphuric acid have given similar results (see also 
p- 42). The original coal was entirely free from acid. 


Percentage of Free Acid Calculated as Sulphuric Acid in Soot. 


Source of Sample. Base of Chimney. Top of Chimney. 

Soot from brassfoundry . . . 0-0 0-65 
North Grange Mount study flue . 0-50 — 
5 mA kitchen flue 0-0 — 
The University fire-place-. . . 0:37 — 

- ws OUCTS sea hy ue ou 1-62 0-56 

Winston Gardens dining-room . 0-92 0-92 
ne F kitchen. . .- 0-28 — 


3. The Amount of Soot emitted from Chimneys 


Of the actual amount of soot emitted from factory chimneys 
it is clearly impossible to obtain trustworthy data. It will 
vary with the quality of coal, the size and structure of the 
chimney and the method of firing. Estimates have been made 
by different observers of the amount of coal which escapes com- 
bustion ; but the experiments, though numerous, are not of a 
very concordant character. 
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In 1855 Delejeune 1 determined the unconsumed carbon to 
be 5 per cent. of the total weight. In 1858 John Graham * 
stated, from the result of his observations, that very black 
smoke does not contain more than 0-1 per cent. of the carbon 
burnt. Scheurer-Kestner,? in a very careful and elaborate 
research on flue gases from boiler furnaces, found that the 
carbon lost as fuel never exceeds 1 per cent., while on the 
average it is 0-5-0-75 per cent. A case, however, is recorded in 
which a coal containing 69 per cent. of carbon lost 2-03 per cent. 
of the fuel as soot. In the matter of house fires we have a large 
mass of trustworthy data in the analyses of the late Sir W. 
Roberts-Austen, undertaken in connection with the London 
Smoke Abatement Exhibition.‘ The flue gases were aspirated 
through a metal tube loosely packed with asbestos, then through 
tubes of calcium chloride to absorb water, and finally through 
tubes of soda-lime to absorb carbon dioxide. The aspiration 
was continued for 3 hours from the first lighting of the fire and 
the average volume of gas drawn through the tubes was 14 litres, 
rather more than zpp/oo9 Of that passing through the flue. On 
the average of 40 experiments with different kinds of grates, but 
burning for the most part the same fuel (Wallsend), 0:0532 
grains of soot were collected during an average consumption of 
12 lbs. of coal. The weight of soot collected x the volume of 
gas passing up the flue = 5320 grains, that is, the weight of 
soot from 12 lbs. of coal, or rather over 6 per cent. Although 
this result can only be regarded as a rough estimate, it shows a 
remarkable agreement with our own observations, which were 
carried out with the main object of estimating the soot carried 
up the chimney.® The average per cent. of soot passing up the 
chimney in 12 analyses, including 8 of Yorkshire coals, 2 of 
Durham coals, and 2 of Wigan coals, amounted to 6-5 per cent. 
onthe carbon burnt. The quantity of soot obtained in different 
experiments with the same kind of coal varies, as will be seen 

1 Bull. de la Soc. d’ Encouragement (1855), p. 473. 

2 Mem. Lit. and Phil. Soc. Manchester (1860). 

3 Mémoires extraits du Bull. dela Soc. Ind. de M ulhouse, Lacroix, Paris 
(1875), and ‘‘ Recherches sur les produits gazeux de la combustion de 
la houille,” Ann. Chem. Phys. (1870), 20. 66. 

4 Report on the London Smoke Abatement Exhibition of 1884. 

5 Cohen and Hefford, ‘‘ Combustion of Coal in House Fires,’ J. Soc. 

Chem. Ind. (1893), 12. 121; Cohen and Russell, ibid (1896,) 15. 86. 
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from the table, p. 10. It is no doubt influenced by the manner 
of firmg and by the amount of draught. There was no slack in 
any of the samples. 

The determinations were carried out as follows :— 

The chimney gases were aspirated through a brass tube of 
about half-inch diameter. The end inserted into the chimney 
was closed, and a narrow slit about 3 inches long was cut longi- 
tudinally at about 1 inch from the closed end, through which 
the chimney gases could be drawn. To the open end of the 
brass tube, a glass tube containing the weighed cotton-wool plug 
was inserted. The cotton plug was dried in a weighing bottle 
in the steam oven, then kept overnight in a\desiccator over 
sulphuric acid, and weighed against another cotton plug dried 
in the same manner along with the experimental one, and the 
process repeated until consecutive weighings were constant. 

The air was aspirated by means of two gas-holders, each 
holding about 15 litres, and the chimney gases were drawn off 
at the rate of about a litre a minute, which would approach the 
speed of the gases passing up the flue. The object of this was 
to prevent a greater deposition of soot in the brass tube than 
would occur in its progress up the chimney. Before reaching 
the aspirator a portion of the chimney gases was tapped by a 
smaller aspirator and made to pass through a drying tube and 
two weighed potash apparatuses. An average sample of chim- 
ney gases was thus obtained in which the CO, was determined. 
In this way the operation was continued for about five to six 
hours, and during the time 200-300 litres of chimney gases 
were aspirated by the large aspirator, of which 5-20 litres were 
drawn through the small one. A good fire was maintained all 
the time, and the gases were aspirated from the first lighting 
of the fire. 

Knowing the total volume of flue gases aspirated, the 
percentage of carbon dioxide (after deducting that in the air), 
and the quantity of carbon in the coal burnt, it is a simple 
matter to calculate from its weight in the tube the percentage 
of carbon deposited in the flue from the burnt coal. 

A tabulated statement of the results is given on the next page. 

In column 4, the carbon in the carbon dioxide of the air, 
calculated at 0-04 per cent. and measured at 20°, is deducted. 

This quantity, 6-5 per cent., seems a very high figure, repre- 
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senting an annual loss of more than 2 million tons on the esti- 
mated domestic consumption of 32 million tons for the United 
Kingdom. I¢ is a significant fact that Sir W. Roberts-Austen 
found that in one case as much as 2-25 per cent. of soot on the 
fuel burnt was deposited in the flue itself of an ordinary fire- 
place, whilst in another case 0-61 per cent. collected in the 
flue, consisting of a sheet-iron pipe only 6 feet long. The loss 
estimated by R. H. Clayton 1 at 50 per cent. on the coal burnt 
is, of course, absurd, and is apparently a mere guess unsup- 
ported by experiments. 

If, then, we take 6 per cent. as the minimum loss on the 
domestic coal consumption (32 million tons), and 0-5 per cent. 
as that on factory consumption (100 million tons), we get for 
the whole country a loss in the form of soot of— 


Tons. 
Domestic es eee ace te! ee SL 20000 
PACTORY Shas eo et Sie Sa Ne 500,000 
Total Nee oe) a HE ee ee OO Fd20, 000 


These figures do not, of course, imply the saving which 
might be effected by the more efficient utilization of the calorific 
value of the fuel, which, according to Sir G. Beilby, amounts 
to something like 20 times this figure estimated as coal.” 

The fact that gas-heating is proving more economical, con- 
venient, and efficient for many industrial processes, and is 
being largely adopted by the more enterprising manufacturing 
firms, seems to point to a time, perhaps not far distant, when 
factory smoke will only form an insignificant portion of the 
whole amount of the products of combustion. 


4. The Amount of Solid Impurities in the Air 


The first accurate observations on the quantity of suspended 
organic matter in the air were made by the late Dr. W. J. Russell 
on London air.? He caused air, at the rate of 250 cubic feet an 


1 J. Gas Lighting (1907), 100. 427. 

2 These figures are taken from the Final Report of the Royal Com- 
mission on Coal Supplies (1905), Vol. III. p. 11. 

3 “On the Impurities in London Air,” The Monthly Weather Report 
of the Meteorological Office, August, 1885. 


12 SMOKE: A STUDY OF TOWN AIR 


hour, to be pumped through a long tube plugged with clean 
glass wool, which was then ignited with copper oxide, and the 
amount of carbon and nitrogen estimated. He found for fine, 
dull and foggy weather (not dense fog) the following average 
amounts of organic matter (carbon + nitrogen) in 100 cubic 
feet. 

M. grams in 100 cub. 


ft. of air. 
Fine: weatherises) ket Ee: io eae 0:35 
Dull fa ener ape eee ry Re 1-03 
Foggy ,, pia Sori Mile ey save Pe 2-44 


Similar experiments on the amount of suspended impurities 
were carried out in 1897 at the Philosophical Hall, Leeds, near 
the centre of the town (station 4 on the map, p. 15). 


Fia. 1— Apparatus for estimating suspended matter in air. 


The air was aspirated through an aperture in a window 15 
feet above the ground, overlooking a side street where there | 
was no heavy traffic. The apparatus used for estimating the 
amount of suspended matter is shown in Fig. 1. 

It consists of a leaden tube, A, fixed through the window, 
in which an open glass tube, B, is held in position by a cork 
diaphragm. The wide portion of the glass tube contains a 
weighed cotton-wool plug, and the narrow end is connected 
with an empty bottle, C, and a Desaga water-jet aspirator, 
which is attached to a large wash tower, E, so that air can be 
aspirated through B and C, and delivered to the experimental 
gas meter for measurement. The air was aspirated for about 
6 hours daily during May and June, 1897, at the rate of 25 to 
35 cubic feet a day.!_ The plug was weighed at intervals. Two 


1 Full details of the method given in the J. Soc. Chem. Ind. (1897), 
16. 411. 
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sets of experiments were conducted alternately, and the aggre- 
gate increase in weight is as follows :— 


No. of Gain in weight Weight per 100 cub. 
experiment, Cub. ft. aspirated. m. grams. ft. m. grams. 
1 436-94 5-2 1-19 
2 681-75 8-1 1-20 


These figures concord very well with Dr. Russell’s results 
for duli weather. 

From this we may conclude that the weight of solid matter 
in the air of Leeds is 1-2 milligrams per 100 cubic feet, and as 
the solid matter collected on the plugs was quite black, it may 
be assumed that it consisted mainly of soot. Supposing this 
amount to be uniformly distributed through the atmosphere to 
a height of 300 feet before being dispersed, it will represent a 
weight of 2 cwt. of solid matter suspended continuously above 
an area of 1 square mile. If, as has been estimated, the atmo- 
sphere is renewed 50 times in 12 hours, the quantity of soot 
discharged into the air during this period will amount to 5 tons 
on the square mile. If this quantity of 5 tons is calculated for 
the 16 square miles covered by the city, it amounts to 80 tons. 
This figure is rather lower than that ascertained in other ways 
(see p. 23), but it must be remembered that the estimate is only 
a rough approximation. A portion of this soot is constantly 
falling, whilst the greater part is blown away. 

In the report of the Advisory Committee on Atmospheric 
Pollution, 1916-17, p. 14, a simple contrivance devised by Dr. 
Owens is described by which a given volume of air is drawn 
through a disc of special paper of standard size and the dis- 
colouration of the paper compared with a prepared scale from 
which at the same time the weight of deposit can be estimated. 
Experiments carried out in London gave 1-5 to 3 milligrams of 
deposit in 100 cubic feet, which, it will be observed, is rather 
more than that obtained by Dr. Russell and ourselves. 


5. The Daily Soot-fall 
Delejeune,? in 1855, stated that 64 tons of soot fell in 12 
hours in the town of Lille from a calculated loss of 5 per cent. 


1 Report of the Advisory Committee on Atmospheric Pollution, 
1917-18, p. 16. 
2 Bull. de la Soc. d@ Encouragement (1855), p. 473. 
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on all the fuel burnt, a number which is probably over the 
mark. From the quantity contained in snow which fell in the 
winter of 1902, Mr. W. Irwin ! estimated roughly that 30 tons 
of soot fell on 100 square miles with Manchester as centre. 
Mr. F. W. Harris,? of Glasgow, from experiments with soot- 
collecting boxes placed in different parts of the city during the 
four winter months, calculated that 45 tons of soot fell each 
day upon Glasgow’s area of 12,796 acres, or at the rate of 
16,410 tons per annum, or 820 tons per square mile per annum. 
This is much above our estimate for Leeds, which was found to 
be only 220 tons per square mile per annum, or of Messrs. Des 
Voeux’ and Owens’ figure for London, which was about 259 
tons on the average of the four stations investigated. 

A fairly accurate idea of the amount of soot falling in 
Leeds has been arrived at in two ways, namely, by estimating 
the solid impurities deposited on snow and by determining the 
amount of solid matter carried down by rain. In January, 
1892, after a fall of snow which lay on the ground for several 
consecutive days during clear and frosty weather, a sample 
covering 1 square yard was carefully removed from a grave- 
stone in the parish churchyard (between stations 2 and 4, see 
map, p. 15) a short time after the fall had ceased. The snow 
was melted, filtered, and the solid estimated. Fresh samples 
were taken and analysed on the three following days. They 
contained soot in suspension, and ammonium sulphate, and 
chloride, calcium sulphate, and free sulphuric acid in solution. 
The appearance of the samples is shown in Plate IT, Fig. 1, taken 
from a photograph. The bottle on the left representing the 
first day’s snowfall was translucent, whilst the last of the four 
was quite opaque. 

The weight of solid matter carried down, as determined 
from the first sample, was equivalent to 16 cwt. to the square 
mile, whilst the additional weight of soot which accumulated 
on each successive day was equivalent to 4 cwt. to the square 
mile. 

By a periodical examination of the rain-water (which carries 


1 J. Soc. Chem. Ind. (1902), 21. 533. 


2 “ Glasgow’s Smoke Nuisance,” by P. Fyfe, Glasgow Herald, Oct. 
16, 1909. 


3 “The Soot-fall of London,” The Lancet, Jan. 6, 1912. 


PLATE I 


Tower of London: Bloody Tower. 


Shows decayed Gatton stone above and new Chilmark stone_below. 
(Photo taken May 15, 1920.) 


PLATE II 


Fic. 2.—Town and country plate after 6 months’ exposure. 


Fic. 3.—Appearance of (I) rain-water, (II) melted snow before fog, 
and (IIT) after fog. 


THE DAILY SOOT-FALL 15 


down both soluble and insoluble impurities) derived from 
different localities, a fair notion of the relative quantity of 
these impurities has been ascertained. Ten representative 
stations were selected in Leeds of different types, varying from 
industrial to suburban, and also one at Garforth, situated about 
7 miles east of Leeds in anagricultural district. The accompany- 


Pe a ee rs = im 


ROUNDHAY 
PARK 


1. Leeds Forge 5. Headingley 
2. Hunslet }tndustria Centres. 6. Armley 
3. Beeston Hill 7. Woodhouse Moor | Residential 
4, Philosophical br C 8. Kirkstall Centres. 
Hall own Contre. 9. Weetwood Lane 
10. Roundhay 


Fic. 2.—Sketch-map of Leeds and its environs. 


ing plan (Fig. 2) indicates the situation of the different stations 
(with the exception of Garforth), and the character of the area 
in which they were located. The rain was collected by funnels 
12 inches in diameter, fitting into the necks of glass bottles, 
which were emptied monthly, and the contents analysed. The 
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results of the experiments, which were continued for 12 months 
from November, 1907, to October, 1908, are contained in the 
following table. The table gives only the suspended matter ; 
the soluble impurities are discussed later (p. 42). 


Solid Impurities in Leeds Rain. 


Tons per sq. mile per annum, 


Suspended matter. 


Station. 

Carbon. Tar. Ash. Total. 
1 |S (Leeds Forge . . . | 189-6 31-4 318-0 539-0 
2 /3{Hunslet. . . . .| 241-2 Loe 187-2 448-1 
3 [6 \Beeston Hill . . . 87-1 42-6 202-5 | 332-2 
4 E Philosophical Hall . 99-7 22:3 120-6 242-6 

a 

5 Headingley eee! fed) LOO 12-3 56-9 169-4 
G | VArmley eco. 02 98-0 9:7 61-7 169-4 
7 |$|Woodhouse Moor. . 63-2 9-1 41-7 114-0 
8 |§<Kirkstall . . . .| 52:3 8-0 40-3 | 100-6 
9 |§|Weetwood Lane . .| 19-2 7-4 15-4 42-0 
10 ounchay js) et an 7:7 4-0 14-0 25:7 
ll Garforth Po i 52 — — — — 


The industrial area of Leeds lies almost entirely in the 
southern half of the city. To the north and east the city 
merges into purely agricultural country. These facts explain 
the rapid diminution in the solid impurities on passing north- 
wards from the centre of the town. Taking the centre as the 
unit, 1 mile out they fall to 4, and 24 miles out they fall to 
4, whilst at Roundhay, about 3 miles north-east of the centre, 
the impurities are 31; of those in the industrial areas. The 
waste of fuel in the form of unburnt coal is illustrated here in 
a very striking way ; for in Hunslet there is each year a deposit 
of nearly 450 tons per square mile, whilst the average amount 
for the whole area included in the investigation, roughly 16 
square miles or 4 miles square, amounts to 220 tons per square 
mile per annum, or an average of over 15 cwt. per square mile 


> 
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a day for the whole town.! Taking the average of 5 stations 
included in the 4 square mile central area we have an average 
of 335 tons per annum, or roughly 1 ton per square mile a day.? 

The diagram of Fig. 3 represents by the length of the vertical 
columns the proportion of carbon, tar and ash in the soot from 
es rain of the various stations numbered on the horizontal 

ne. 

An interesting point was the effect of the 
coal strike of March, 1912, in diminishing 
this pollution and clearing the air, the 
change being most marked in the industrial 
areas, and least in therural areas. Measur-. 
ing the smoke pollution by the average 
amount of solid impurities in the rain (parts 
per 100,000) in each month, we get :— 


Feb. Maron. April. May. 


6-5 | 2-2 | 9-1 8-5 Industrial 
areas. 
2-2 1:0 | 4-6 4-1 Rural areas. 


Parts per 
100,000 


* 1. Leeds Forge. 
In each case we get a sudden drop during = 5" Fumsiot, 
the month of the strike, and a marked 3. Beeston Hill. 
: a 4. Philosophical 
recovery to its normal level when the strike a Hall. 
: ae ; 5. Headingley. 
was over (Fig. 4). This will fully explain 6) Armley. 
the remarkable clearness and brightness of — 3- DPservatory. 
the atmosphere during the strike,a matter _9. Weetwood Lane. 
10. Roundhay. 


of very general observation. 


A method almost identical with that just 14. 3. — Relative 
proportion of sus- 


described has been recently adopted by pended matter. 
the Advisory Committee on Atmospheric 


1 Delejeune in 1855 estimated roughly that 64 tons of soot fell in 12 
hours in the town of Lille, a number which was probably over the mark, 
whereas W. Irwin (J. Soc. Chem. Ind. (1902), 21. 533) estimated roughly 
that 30 tons fell on 100 square miles, with Manchester as centre, or 5 
tons to 16 square miles. 

2 It will be noticed that the amount of deposit on the snow on 
successive days is about one-fifth of that carried down by rain, or one- 
fourth of that carried down by falling snow. It is obvious that a much 
smaller quantity will be deposited by gravitation in a dry atmosphere 
than when the atmosphere is washed by rain or snow, and that the rain 
will cleanse more effectively than the snow (see Appendix B, p. 98). 

Cc 
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Pollution, under the name of the “‘ Standard Gauge,’ the main 
difference being the use of a stoneware funnel of 12 inches 
diameter in place of one of glass. On the opposite page 
are given the numerical results calculated as tons per square 
mile contained in the Annual Report for 1922-23. 

It is difficult to institute a comparison between the amount 
of atmospheric impurity in the towns enumerated in the 
above table, because the records extend over different periods 
and for different lengths of time. But there are other and 
more serious considerations which, in our opinion, render the 


Effect of coal strike on purity of the air 


Industrial Area Rural Area 
April | May | Feb. | Mar. 


Suspended matter Sthike 
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method open to criticism, a criticism which applies equally to 
our own observations. 

Hunslet (Leeds) may very well be dirtier than any part of 
Glasgow or London; but it seems unlikely that Rochdale 
should be twice as dirty as the dirtiest part of Leeds, or that 
Headingley (Leeds) should be twice as clean as the purely 
agricultural district of Rothamsted or the cleanest part of 
a residential town such as Southport. 

It is evident that much must depend upon the situation 
of the stations. In the proximity of a factory chimney or 
in exposed and wind-swept localities or in places where there 
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Average Amount of Insoluble Matter carried down by Rain (or 
otherwise deposited). 


Tons per sq. mile per annum.! 


Down Tons Per cent. Period in 


Tar. Years. 
Birmingham : 
Central 2 ree Ey ee 5 483 1-06 2 
poutne Western 2 6. = 71 1-5 2 
ENGR DUTIRe eee es ee 355 2-4 1 
Glasgow : 
Alexandra Park 2° 5 2. 2%: 158 2-7 5 
Bellahouston Park . . . . 110 3-0 5 
Blythswood Square. . . . 210 2-3 4 
Botanic Gardens. . . . . 158 2-3 5 
Wueeas Parks ss se 120 3-0 5 
Hichmond Park? .° =: (2-0 2%. 189 2-2 5 
neh, Parkes) 5. 6) eh es 151 2-6 5 
EPOlGrosshPariod 00s a « osee.s 166 2:7 5 
Victoria Park ae 128 3-1 5 
Hull 209 1-4 5 
Leeds : 
eadmoloy 35) 2 ree 23 2-7 10 months 
Hunslet . Me. HOS 281 2-2 1 
Park SOuUar eh sae GE Es -epeuslixg 202 2-4 1 
Wre.s 1370: a 1 EY Bs 2-2 9 months 
VCE DOU ks ew 5 3 9 2 381 2-2 3 
London : 
Meteorological Office. . . . 176 2-5 5 
Archbishop’s Park . . . . 217 2-1 3 
Binabury. Park i660 65) ono 04s 209 1:6 5 
Ravenscourt Park . .. . 199 2-2 5 
Boutrwark Park <0 20°. « .. 263 1-5 5 
Wandsworth Common. . . 120 2-2 4 
Victoria Park TM a Fe 158 1-4 5 
Goldenebaney. =. caw) 2 212 1-1 5 
Mewormtlaiet 0/4 f.c0 «cece pou? 4 — 5 
Rochdale A Sy *  e ee 542 — 3 
EGOUUGINIStOG eos fe) 4.) me asks 48 — 2 
ie ot Rea ce lh = eh ary ies er 235 2-8 5 
Southport : 
Hesketh Road ax ae 48 3-0 5 
Woodvale Moss . ... . 43 — 1 


1 Vide Report of the Advisory Committee on Atmospheric Pollu- 
tion 1922-23, Meteorological Office of the Air Ministry, pub. by H.M. 
Stationery Office, 1924, 
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is much traffic, dust, grit and soot from the immediate sur- 
roundings will be deposited along with the dirt brought down 
by rain and will tend to raise the average for that locality. 
In support of this view it may be mentioned that on one 
occasion a boiler chimney was observed by us to pour out 
grit like a young volcano, covering the immediate neighbour- 
hood with a thick layer of this material, choking the drains 
and even penetrating the surrounding dwellings. It may be 
mentioned incidentally that the local authority refused to 
interfere, as grit is not specified as a nuisance in the Public 
Health Act, but only black smoke. 

Moreover, the ratio of tar to carbonaceous matter as shown 
in the Report varies from month to month in a manner which 
seems to indicate some change in the conditions, possibly the 
direction of the wind, which determines the character as well 
as the amount of the deposit. 

Thus, in the year 1916-17 the ratio of tar to carbonaceous 
matter in Newcastle varied in the different months from 1 : 10 
to 1:40, indicating in the latter case a certain amount of 
organic matter not derived from coal. 

We are inclined to think that on the whole the glass plate 
method or the automatic filter (see p. 23) is probably a safer 
guide where a comparison between one district and another, or 
between one town and another, has to be made. The glass 
plate method has this advantage over any other, in that it 
records the most obvious nuisance arising from smoke, namely, 
the permanent, grimy deposit. If we turn to the glass plate 
records on p. 21 and compare Headingley and Hunslet, we 
see at once that the permanent deposit at Headingley is a 
quarter and not one-twelfth that at Hunslet, as recorded by 
the standard gauge. If any doubt existed as to the relative 
distances of the two districts, the appearance of the Headingley 
plate would convince anyone of the filthy condition of its 
atmosphere, which is six times as dirty as the cleanest part 
of Leeds (Roundhay). 


6. Soot-tar, its Amount and its Effects 


Soot, as we have seen (p. 5) is not pure carbon; but con- 
tains varying amounts of tar. This tar adheres so tenaciously 
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to everything that it is not even removed by rain. It is, in 
short, a kind of varnish. In order to ascertain the amount of 
this sticky material, glass plates 1 foot square were exposed 
horizontally at three stations, one in a garden at Pool (9 miles 
N.W. of Leeds), one on the roof of the University buildings 
(near station 7 on the map, p. 15), and one on the Philosophical 
Hall (station 4). These were disposed so as to be as far as 
possible from chimneys. The deposit on these plates after an 
exposure of a few weeks, loose matter having been removed by 
running water, was analysed and weighed. Fresh plates were 
then put in the place of those removed, and the process repeated 
from month to month. The deposit contained about 50 per 
cent. of carbon, and was therefore mainly soot. The proportion 
at the three stations was as follows: for 1 part deposited at 
station 4 near the centre of the town, ;/; was deposited at the 
University, and 4; at Pool. The photograph (Plate II, Fig. 2) 
shows the difference between the town and the country plate 
after an exposure of 6 months.! 

These experiments were repeated at a larger number of 
stations, with the following results :— 


March 23— June 23— Cwts. per sq. 


Station. June 23, 1910, Sept. 23, 1910, mile per annum, 
m. grms, m. grms. total. 
2. Piunsiotye as) ta 52-6 46°5 110 
1-4. Kirkstall Road (be- 
tween 1 and 4) . 26-2 31-1 64 
4, Philosophical Hall 26-4 30-4 63 
5. Headingley . . 11:3 17-2 27 
de Observatory (Wood- 
house Moor). . 15-4 9-0 32 
10. Roundhay. . . 1-9 2-1 4:5 


It will be seen that the ratio of the deposit at Roundhay to 
that at Hunslet is almost exactly 1 to 24, which was the ratio 
obtained in the previous set of experiments for town and 
country, and approximates to that of the total suspended 
matter, namely, 1 to 17 in the two localities. 

Assuming that 5000 tons ? is the daily, or 1,500,000 tons is 

1 This method may be recommended for testing the condition of the 
atmosphere. The plates after exposure for a certain time should be 
compared with plates of standard tints. 

2 This figure is taken from the ratio of coal consumption to popula- 
tion as ascertained for London. No other estimate seems available. 
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the annual coal consumption in Leeds over an area of 16 square 
miles, and that 4 is burnt in house fires emitting 6 per cent. of 
soot, and 3 in factories giving off 0-5 per cent. of soot, we may 
determine the fate of the unburnt fuel as follows * :— 


Destination of Soot emitted in Leeds. 


(Tons per annum.) 


Total emitted from factories . . . 5,000 
9 “a house fires. . . 30,000 
35,000 

Soot blown away. . . . . . . 31,480 
», deposited temporarily. . . . 3,472 
>» + permanently. . . . 48 
35,000 


The amount which escapes is nearly 10 times that which 
falls, and more than 600 times that which remains as a 
permanent stain. 

The opinion has been expressed ? that owing to the larger 
percentage of tar in domestic soot and consequently its greater 
adhesive property, the blackening of buildings and vegetation 
is mainly due to the domestic fire-place. There is undoubtedly 
much truth in this assertion ; for if we multiply the amount 
of soot from residential and industrial centres by their relative 
content of tar we find that the industrial tar deposit is nearly 
equal to that of the domestic product. So that, assuming the 
ratio of total deposit of the industrial and residential centres to 
be 400 to 25, and that of the tar content in the two cases to be 
2 to 30, we get 400 x 2= 800 as against 25 x 30 = 750, 
which is slightly in favour of the suburban area. We must 
remember, however, that the industrial deposit includes soot 
from masses of workmen’s cottages which cluster round the 
factories and help to raise the percentage of tar. This is shown 
by the amount of tar in the three industrial centres of Leeds, 
which varies from 4-5 to 13 per cent., and is much in excess of 

1 The permanent and temporary deposits are calculated on the 


average of the 5 stations in the 16-mile area covered by the town. 
2 R. H. Clayton, J. Gas Lighting (1907), 100. 427. 


PLATE III 


Fie. 3.—Leaf of ribes, 
showing dark rim round 
edge of leaf. 


Fie. 1. — Holly 
leaf, half cleaned. 


Fic. 2. — Laurel 
leaf, half cleaned. 


Fria. 4,.—Leaf of lime, showing Fia. 5.—Leaf of sycamore, 


smoke damage. showing smoke damage. 


PLATE IV 


Fic. 1.—Apparatus for testing amount of carbon dioxide assimilated 
by leaves. 


Wectwood Lane Headingley | Clarendon Road City Square 


100 52°8 15:2 116 


Fic. 2.—Laurel leaves and their respective assimilations. 
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that obtained directly from the factory chimney. Mr. Harris 
of Glasgow estimated, from the amount of tar found in the 
gases from domestic chimneys, that in the city of Glasgow 25-7 
tons of tarry matter are delivered into the air every day. Our 
own observations on the amount of tar in soot and the quantity 
emitted in Leeds confirm this result. Thus, estimating as 
before that on 5000 tons of coal consumed daily in Leeds, + is 
domestic and § factory (taking the ratio for the whole country) 
and reckoning 6 per cent. loss on the domestic and 0-5 per cent. 
on factory consumption, there is a total loss of 117 tons daily, 
which, taking 20 per cent. as the content of tar, gives 23 tons 
of tar emitted daily. It must, of course, be remembered that 
Glasgow’s consumption of coal is probably much higher than 
that of Leeds. 

Another method of recording atmospheric dirt is one already 
referred to (p. 20) namely, filtering air through a disc of paper 
and comparing the discoloration produced with standard 
tints. This single record Owens’ filter, while permitting an 
observation to be taken in about 10 or 15 minutes, has the 
disadvantage of not being automatic or continuous, nor does 
it take account of different coloured deposits. Mr. William 
Thomson 1 designed a continuous filter on the same principle 
and activated electrically. A more elaborate and perfect 
apparatus devised by Dr. Owens, namely the automatic filter, 
is described in detail in the Report of the Advisory Committee 
on Atmospheric Pollution, 1917-18, p. 20. This filter records 
automatically on a circular disc of filter paper a succession 
of samples of the impurity extracted from the air per hour, 
or at miore frequent intervals, thus providing a means of 
examining changes in the condition of the atmosphere from 
hour to hour throughout the year. The changes in atmospheric 
impurity in the course of 24 hours in winter and summer are 
very interesting and are fully indicated by means of graphs 
in the eighth and ninth Reports of the Advisory Committee. 


7. Effects of Soot on Vegetation 


Soot may exert a detrimental effect on the growth of plants 
in three ways, namely, by blocking up the stomata and thus 


1 J. Chem. Technology, Vol. I1, No. 4. 
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impeding the process of transpiration ; by coating the leaf and 
so reducing the intensity of sunlight, and at the same time 
affecting the assimilation of carbon dioxide, and lastly by the 
corrosive effect of the acid it contains. In both cases the tarry 
deposit plays an important part. The photographs shown in 
Plate III, Figs. 1 and 2, are taken from a holly and a laurel 
leaf growing in the grounds of the University. From the one 
half of each leaf the soot has been removed and the green colour 
then bleached, whilst the soot remained intact on the other 
half of the leaf. 


Fic. 5.—Stoma of juniper. 


TARY 


Fia. 6.—Stoma of silver firs 


Leaves, especially evergreens, are thus coated with a black 
adhesive deposit which not only absorbs the light and so arrests 
assimilation, but has a much more serious effect in permanently 
blocking up the stomata. Although the stomata are more 
numerous on the underside of the leaf whilst the soot tends to 
attach itself to the upper surface, nevertheless, an examination 
of the leaves of different plants has shown that those on the 
lower surface are also affected. The conifers appear to be the 
most sensitive of all plants to the influence of smoke, and 
their characteristic sunk stomata, which serve the purpose of 
minimizing transpiration, form very efficient traps for particles 
of soot. The only two localities in Leeds where conifers attain 
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even moderate growth are around the two outlying stations 
9 and 10 (see p. 15). The diagrams (Figs. 5 and 6) are 
magnified sections through the leaf of a juniper and silver fir. 


8. Assimilation by Leaves of Evergreens 


The classical researches of Blackman and Horace Brown 1 
have proved conclusively that the main factors influencing 
carbon dioxide assimilation are— 

a. The number and position of the stomata. 

6. The intensity of the light. 

c. The temperature of the leaf. 

d. The carbon dioxide content of the surrounding air. 

Thus Blackman shows that it is by means of the stomatal 
openings that the gaseous interchanges in the leaf take place, 
and that if the leaf has its stomata only on the upper or lower 
surface, the assimilation of carbon dioxide only takes place on 
that side of the leaf possessing stomata. If, on the other hand, 
the leaf possesses stomata on both upper and lower surfaces, 
the carbon dioxide absorbed follows very closely the ratio of 
distribution of the stomata. 

In the same paper he also shows that if the surface of the 
leaf possessing stomata be coated over with a thin layer of 
vaseline, thus blocking the openings, the carbon dioxide absorp- 
tion is practically stopped. He has also shown that up to a 
temperature of about 35° there is a steady and increasing rise 
of assimilation, as seen from the following numbers :— 


Grams of C@, per 50 sq. cm. 


Temperature. assimilated per hour. 
10° @:0041 
20° @:00685 
30° 90-0151 
35° 6-6205 


Brown and Escombe have found that, other factors being 
constant, the carbon dioxide assimilation is proportional to the 
percentage of carbon dioxide in the surrounding air. 

In the atmosphere of industrial districts all these factors 
come into play. The coating of the leaves with a tarry deposit 


1 Phil. Trans. (1895), p. 502; Proc. Roy. Soc. (1902), p. 397; Proc. 
Roy. Soc. (1905), p. 402. 


26 SMOKE: A STUDY OF TOWN AIR 


will act like vaseline—block up the stomata and check, if not 
prevent, assimilation. The smoke-cloud will lower the inten- 
sity of the light, and, by cutting off direct radiation, tend to 
lower the temperature, thus still further retarding assimilation. 
On the other hand, the slightly increased carbon dioxide content 
of the air of towns will tend to increase the rate of assimilation. 
We have no available figures of the content of carbon dioxide 
in the air in different parts of Leeds, but we have numerous 
analyses of the air of Manchester, London, Sheffield, and else- 
where, which enable us to estimate the variation in carbon 
dioxide. 
Air in different Localities. 


(Vols. of CO, per 10,000 vols. of Air.) 


Locality. Ret, London. | London. | Sheffield. oe roe 
(Angus (Angus . (Angus 
Smith.) |(Russell.) | Smith.) |(Williams.)} Smith.) | (Thorpe.) 
Town Ys . 4:03 4:03 4:39 3-85 — — 
Suburbs m —_ — 3:01 3:26 — —_ 
Country . — — — — 3:36 3:01 


The difference is not great, amounting to about 1 part in 
10,000, between the best and worst specimens of air. This 
difference will scarcely affect the plant when labouring under 
adverse conditions, and any advantage gained by the slightly 
increased carbon dioxide content is more than overbalanced 
by the disadvantages produced by the presence of other 
impurities. 

A comparison } has been made of the rate of assimilation of 
carbon dioxide by laurel leaves from different parts of Leeds, 
the results of which are summarized in the table on p. 27. :— 

The experiments were conducted as follows : Three leaves of 
the current season’s growth were placed in a flat wooden box 
with glass sides (Plate IV, Fig. 1), and air drawn through each 
box at the rate of about 18 litres per hour for ten hours. The 
air, after passing over the leaves, was deprived of its carbon 
dioxide by means of caustic soda solution, and the amount of 
absorbed carbon dioxide determined by neutralization with 


* Crowther and Ruston, J. Agric. Science (1911), 4. 25. 
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Assimilation of CO, by Laurel Leaves. 


CO, assimi- 
Source of | Area of | Intensity | Hourly | Total CO, | lated per 
poe ewes Leaves: of Light, | ™mean tem-| assimi- /|10sq.inches 
A perature. lated. per 10 
: hours. 
Station. | Sq. ins. | Ce. N/10 C. | Milligrams. | Milligrams. 
1 9 36:21 1-22 10:8 21-56 5-95 
2 9 23-5 3-4 17-6 40-48 17-2 
3 2 23-52 1-9 13-7 36-08 11-51 
9 29-84 1:9 13-7 37:64 11-82 
4 9 29-84 1-78 18-0 38°72 12-09 
5 24-35 1-78 18-0 16°72 6-86 
5 9 29-84 2-12 12-6 34-32 11-50 
7 12-54 2-12 12-6 6-04 4-81 
6 9 29-84 0-46 14:8 29-04 9-73 
1-7* 15-62 0-46 14-8 2-20 1-48 
7 9 28-64 2-8 17-6 47-21 13-52 
+ 16-42 2:8 17-6 2-64 1-56 


* From a garden midway between stations 1 and 7. 


standard acid, using methyl orange as indicator, after neutral- 
ization with phenolphthalein as indicator.1 By comparison 
with a “ blank ” test the amount of carbon dioxide assimilated 
can be estimated. The insolation boxes were fixed outside a 
window with a westerly aspect, so that they received no direct 
radiation until late in the day, and the disturbing effect of solar 
heat was consequently minimized. 

The intensity of daylight was measured as described on 
p. 35, and the area of the leaves was ascertained by means of 
a planimeter. In every experiment leaves from the neighbour- 
hood of station 9 were used as the standard of comparison. 
Experiments 1-3 were of a preliminary nature, to test the 
reliability of the method. The result of Experiment 3 indicates 
the degree of concordance that was obtained between the rates 
of assimilation by different sets of leaves from the same district. 

The differences in temperature and light intensity on the 
different days are shown by the varying rates of assimilation 


1 Brown and Escombe, Phil. Trans. (1900), 193. 289; Amos, J. 
Agric. Science (1907), 1. 322. 
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of the “standard ” leaves, which range from 5-95 mgrms. of 
carbon dioxide per 10 sq. in. of leaf surface on a cold and 
rather dull day (Experiment 1) to 17-2 on a warm and sunny 
day (Experiment 2). 

The laurel plants found in the more polluted areas were all 
very stunted in size, as compared with those growing near 
station 9, and consequently only medium-sized leaves could be 
obtained from these districts. A photograph of these leaves, 
which represent typical specimens from each locality, is repro- 
duced in Plate IV, Fig. 2. 

The greatly reduced assimilatory powers of these leaves, 
due to the direct and indirect inhibitory effects of atmospheric 
impurities, are well illustrated in the results of the experi- 
ments. Thus, if the assimilatory powers of leaves from station 
9 equal 100, those of the leaves from the other stations are 
represented by the following numbers :— 


Station 5 — 4 #22) =) eee 
3 ‘ey cee : 42 
a A ol ee en 
BA BSD vem Tet Ne ee, PNAS 


The great reduction in the power of assimilation in passing 
from the non-industrial area of station 7 to the more contami- 
nated areas of stations 4 and 5 is very striking. 

In order to test the effect upon the rate of assimilation of 
the actual solid deposit found upon the leaves from the two 
last-named areas, Experiments 6 and 7 were repeated after 
carefully removing the soot with a dry cloth, the ‘‘ standard ” 
leaves being similarly treated. The results were as follows :— 


Station 9 100 
oe) AT cleaned 24 
» 1-7 not cleaned 15 
(3 ei: cleaned 19 
sn) not cleaned 11:5 


The effect is thus a measureable amount, although the power 
of assimilation of the cleaned leaves does not reach that of 
leaves grown in the atmosphere of station 9, which is freer 
from soot. The difference is readily accounted for by the 


clogging of the stomata, and the consequent lowering of the 
vitality of the plant. 


PLATE V 


Hunslet. University. 
Suspended matter . 1,565lbs.per acre Suspended matter 399 lbs. per acre 
PACICIE oes well ot fs O07 as. WSs Acidity 26 - 


Headingley Hill. Weetwood Lane. 
Suspended matter . 273 lbs. per acre Suspended matter . 147 lbs. per acre 
ENERGY es cu Pert LOO Si coak ds NCTE 9 5 ep 6 suns 


Fie. 1.—Ash trees, Sept. 18th, 1911. 


University. Headingley Hill. Weetwood Lane. 
Soot . 399 lbs. Soot 9. 273 Ibs. Soot . 147 Ibs. 
Acid . 26. 55 Acid ©. 19) *,, Acid . NIE Sp, 


Roundhay. 
Suspended matter, 90 lbs. per acre. Acidity, nil. 


Fic. 2.—Ash trees, Oct. 30th, 1911. 


PLATE VI 


Weetwood. Garforth. Headingley. 


University. Parkso. Hunslet. 
Fic. 1.—Photographs of roots of wallflowers (blood red) grown 
at different centres. 


Adel. 


University. Hunslet. 
Fic. 2.—Photographs of roots of oats and barley grown at 
different centres. 
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In connection with the early decay of the leaves of trees 
and shrubs grown in or near large towns, reference may be 
made to the analyses of deposits on aucuba leaves carried out 
by the Air Analysis Committee of the Field Naturalists’ 
Society of Manchester. These analyses, which were made in 
December 1890 and January 1891, give the quantities of soot, 
sulphuric acid and hydrochloric acid in the deposit. 


Deposit on Aucuba Leaves. 
In milligrams per sq. metre of leaf surface. 


; : ‘ Hydro- 
Date. Locality. eater) erage ee 
1890 
Dec. 14 _ (Near Alexandra Park . 131 7-2 9-1 
» 13] &2})Owens College . . . 315 10-4 17:3 
el 6 ios 52 Pion a. 420 26-0 a 
Asem Foal (Wa AS gies oii ets a) ae 443 19-0 4-4 
» 14] (Infirmary (hollies) . . 728 27-5 19-4 
rot te i 2 (aucubas) . 568 18-3 14-1 
» 13] * Albert Square . . . 833 24-2 21-7 
1891 
Javed Pools Pape ee ws” 5 Fs 374 18-0 — 
5» 22 \@53\Queen’s Park . . . 194 17-5 pi 


It will be seen that the central localities show the largest 
deposits of soot and acid, the sulphuric acid forming 6 to 9 
per cent., and the hydrochloric acid 5 to 7 per cent. of the total. 
deposit. 

The deposition of acid along with soot previously recorded 
by Dr. Russell (see p. 7) is probably one of the chief causes 
of the early withering which is characteristic of many forms of 
town vegetation. 

Ash trees in the cleaner parts of Leeds often retain their 
leaves some four or even six weeks longer than those in the 
more polluted districts. Thus, during the autumn of 1908, near 
station 10, with a total suspended matter of 26 tons per square 
mile and acidity nil, ash trees were found in full leaf on 


1 Report of the Air Analysis Committee of the Town Gardening Section, 
1891. 
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November 17th ; near station 9, with suspended matter 42 tons 
per square mile, and acidity equal to about 3 tons of sulphuric 
acid per square mile, the leaves had all fallen before the end of 
October, though a few were found still in leaf on the 22nd of 
that month ; at station 8, with suspended matter 100 tons and 
acidity equal to 2-28 tons per square mile, one ash tree only 
could be found in leaf on October 5th ; whilst at station 5, with 
suspended matter 189 tons and acidity 3-14 tons per square 
mile, all the leaves had fallen from ash trees on that date. 

On September 18th, 1911, in Hunslet practically all the 
leaves had fallen from the ash trees which were still alive ; at 
the University a few leaves only were left ; at Headingley Hill 
the tops of the trees only had shed their leaves, while in the 
Weetwood Lane and Roundhay districts they appeared all to 
be in full vigour. By October 30th no leaves at all were left 
on the ash trees near the University ; a few were still left at 
Headingley Hill ; in the Weetwood Lane about half had fallen, 
while at Roundhay many of the trees appeared to have hardly 
shed a leaf (Plate V, Figs. 1 and 2). 

Looking upon the leaf, then, as the factory of the plant, we 
find in the more contaminated districts this factory totally 
closed for one month of its working year, while, for the 
remainder of the time, as the assimilation experiments on 
p. 27 show, it is only working at half its normal pressure. 

The tree automatically keeps a record of its yearly growth, 
and the presence of any inhibiting factor will make itself known 
by the narrowing of the annual rings. This is well seen in the 
case of the section of the Scotch fir, illustrated in Plate XIII, 
Fig. 1, for which we are indebted to Mr. D. W. Steuart. The 
tree in question was grown at Broxburn, near the Roman 
Camp Shale Works, which were started 17 years before it was 
cut down. In consequence of the acid fumes and smoke- 
contaminated atmosphere, the diameter growth as measured 
by the annual ring was sharply checked when the tree was 12 
years old, though under normal circumstances it would be 
fairly constant up to 30 years old, and then fall steadily off. 
This sharply defined check in the growth of the tree, as recorded 
by itself, is coincident with the opening of the shale works 
in 1893. 


| Experiments have been undertaken in the Agricultural 
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Department of the Leeds University to find if it is possible to 
correlate the known atmospheric impurities in the different 
parts of the town with the yield of various crops. 

With this object, soil was taken from the same bulk and 
placed in tubs which were distributed at six different stations in 
and near Leeds. They were sunk in the ground in open situa- 
tions and sown with radishes on April 11th, 1911. In order to 
ensure even sowing, wire netting (14 inch mesh) was placed 
over the tubs, and one seed dropped into each mesh (75 seeds 
in each tub), and three tubs were placed at each station. 

They were afterwards thinned out to 30 plants, and the 90 
plants from each station lifted on June 30th, weighed, dried and 
analysed. The conditions, except of course those determined 
by atmospheric impurity, were identical (Plate VIII, Fig. 1). 
The following are the results :— 


Analyses of Radishes Grown at different Centres. 
Total weight Total weight Average weight 


Station. of crop. dry matter. of each plant. 
grams. grams. grams. 
Weetwood Lane .. . 496 60-6 5:5 
Headinglby . .. =. . 449 51-8 5-0 
Gartorein sar. a Ws ky 395 49-0 4-4 
Wrhiversiny. . Soe. “Ts 297 35-6 3:3 
Paris Square 0's! fx ect 242 32-2 2-7 
Flunsleie strane vre ws 226 23:1 2:5 


The radishes were followed by a crop of lettuces, which were 
lifted on September 19th, after receiving as far as possible 
exactly similar treatment. Here the differences in weight were 
even greater than the above, only one quarter of the crop being 
secured in Hunslet that would have been secured had the 
atmospheric conditions been purer, and the smoke pollution 
less (Plate VII). 


Yield of Lettuces Grown at different Centres. 
Total weight Total weight 


Station. Solid deposit. Acidity. of Crop. of Dry Matter. 
lbs. per acre. lbs. peracre. grams. grams. 
Garforth eeu Sees os « = — 175 18-2 
Weetwood Lane. . . 147 11 140 15-1 
Headingley Hill. . . 273 19 120 11-4 
TIWIVOrSiby. | 399 : 26 104 10-2 
Park Square. .. - 847 45 56 5:3 


Hundet: 7 ee 7 ew «6 165 90 44 44 
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The lettuces were immediately followed by winter cabbage, 
three plants to each box. These did not do well at any centre, 
but the differences between the various centres were very 
significant. Thus, at Station 1 (Hunslet)—the most polluted 
centre—every plant had died off by the middle of November. 
By Christmas all were dead at stations 2 and 3; five plants 
were alive at station 4 and seven at station 6 (Garforth). 
Severe frosts in February 1912 proved fatal to all the plants 
at Garforth and to three plants at station 4 (Headingley). 
Only at station 5 (Weetwood Lane) did all the plants survive 
the winter (save for one that had suffered mechanical damage). 
At the remaining stations, out of 45 plants only two survived 
in March, these being at station 4—the station most nearly 
comparable in atmospheric cleanliness with station 5. 

On March 20th, 1912, the remains of the winter cabbage 
were removed and replaced by fresh spring cabbage plants. 
These were grown on until August 15th, when they were cut 
and weighed, etc., giving the results summarised below (see 
also Plate VIII, Fig. 2). 


Yield of Spring Cabbage grown at different Centres. 


3 Weight of Crop. Per cent. of 
ee —_____——_————_| SO, in dry 


Green. Dry Matter. rac mhenne 

Gms. Gms. Per cent. 
1 aEbunbletee, Ak Mee, a eee: 505 66 4-40 
2.) ParkaSquaie i pesca ss. aes 1,250 154 3°56 
3. University er ee 3,056 365 3:09 
4. Headingley Hill. . . . . 4,167 390 2-68 
5. Weetwood Lane. ... . 3,425 497 2-08 
G.oGariorth. ote) ca © aoe eee 1,597 349 2-11 


The cabbages were followed by wallflowers (Blood Red), 
planted out in the autumn of 1912 and left out until May 22nd, 
1913. This crop, like the cabbage of the previous winter, 
furnished a demonstration of the inadvisability of autumn 
planting in smoke-infested areas. Nine plants were set out 
at each station; eight fairly well-grown plants were subse- 
quently lifted alive at Weetwood (station 5), six each at 


PLATE VII 


Garforth. Weetwood. Headingley. 
175 grams. 140 grams. 120 grams. 


University. Park Square. Hunslet. 
104 grams. 56 grams. 44 grams. 


Photographs of lettuces grown at different centres, with total weight 
of crop. 


PLATE VIII 


] 


ae 


Weetwood Lane. Headingley. Garforth. 
5-5 grams. 5-0 grams. 4-4 grams. 


f 


a 
“y 
University. Park Square. Hunslet. 
3:3 grams. 2-7 grams. 2-5 grams. 


Fria. 1.—Photographs of radishes grown at different centres, with average 
weight of plant. 


Headingley. Weetwood Lane. University. 
4,167 grams. 3,425 grams. 3,056 grams. 


Garforth. Park Square. Hunslet. 
1,597 grams. 1,250 grams. 505 grams. 


Fre. 2.—Photographs of spring cabbages grown at different centres, with 
average weight of plant. 
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Garforth (station 6) and Headingley (station 4), but at the 
other centres the plants that survived had made little or no 
growth, and they amounted to three only at station 3, one at 
station 2 and two plants at station 1.1 

The wallflower plants from the various stations showed 
very characteristic differences in root-development. Those 
grown in the most polluted areas were marked by an almost 
entire absence of root hairs and fibrous roots, in many cases 
nothing being developed but one long tap root (Plate VI, Fig. 1). 
This feature we find to be still more pronounced in the case of 
plants grown in the native soil at each station, this having been 
exposed to the smoke pollution for many years. 

Having completed the record of the tests made with five 
successive crops we may now turn to consider more closely the 
results obtained. 

For this purpose the results for the three crops that were 
successively grown (Ist, 2nd and 4th) are summarized on 
p. 34, where in order to facilitate comparison the results 
obtained at station 5 (Weetwood)—the cleanest of the Leeds 
stations—are taken as 100 in each case. 

Apart from a few slight irregularities the results indicate a 
fairly close correlation between the relative degree of purity 
of the atmosphere in the neighbourhood of the stations, as 
assessed from our earlier observations, and the actual amount 
of plant growth obtainable. The correlation is further shown 
with the accumulation of sulphur in the plants. There is 
evidence, moreover, that the effects are cumulative, the 
Hunslet results becoming worse with each succeeding crop. 

It was of interest at the close of the vegetation tests, after 
the soil had been exposed at each centre for three years, to 
compare the effects, if any, of the varying pollution of atmo- 
spheric origin, upon the properties of the soil, more especially 
with regard to its content of calcium carbonate and its 
bacteriological qualities. Accordingly samples of the soil at 
each station—originally, it should be remembered, all drawn 


1 These results were borne out by the further experience at station 
1 during the same winter with over 200 wallflower plants and 60 violas, 
all well established plants, set out in the soil of the garden in which 
our experimental boxes were sunk. Of these plants not a single 
wallflower, and only two violas, survived the winter. 
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from the same bulk—were taken in the autumn of 1913 and 
examined. The results are summarised on p. 34. 

These results indicate clearly that the detrimental effect of the 
smoky atmosphere upon plant-growth—especially at stations 1 
and 2—is partly due to unfavourable changes in the soil—such 
as the steady depletion of the stock of calcium carbonate and 
the inhibition of the activities of the nitrogen-adapting bacteria. 


9. Influence of Smoke on the Intensity of Light 


The presence of suspended matter in the atmosphere has a 
marked effect upon the amount of sunshine. As an illustra- 
tion, we may take the year 1907, when the number of hours of 
sunshine registered by a Jordan recorder at station 4 in the 
centre of Leeds was 1167, as compared with 1402 at Adel about 
4 miles to the north ; in other words, the duration of sunshine 
in the centre of the city was diminished by 17 per cent. The 
records for other years tell a similar tale. But the sunshine 
recorder takes no account of the intensity of light below a 
certain limit of brightness. The amount of daylight may, 
however, be determined sufficiently accurately for comparative 
tests by the amount of iodine liberated from an acid solution of 
potassium iodide. A mixture of 50 c.c. of a 1 per cent. solution 
of potassium iodide and 10 c.c. of dilute sulphuric acid was 
exposed, and at the end of 24 hours the liberated iodine was 
estimated by titration with standard thiosulphate solution. 
Two sets of experiments have been made, one in 1895, chiefly 
during the winter months, at Kirkstall Road (between stations 
1 and 4), at station 4 and at station 7, and another set in 1910, 
which were carried out during the month of June. The two 
sets of experiments are recorded in the following tables, the 
numbers giving the amount of the thiosulphate solution 
required to remove the free iodine. 

It will be seen from the first table that in the centre of the 
industrial area the smoke cloud occasionally absorbs as much 
as 25 per cent. of the total daylight as compared with the 
suburban parts of the town, whilst from the second table which 
includes Garforth, seven miles from the town, it appears that 
fully 40 per cent. of the light was shut out from the industrial 
area represented by station 2. 
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Light Tests. 
Ser I. 
Being a comparison of the total daylight in different parts of Leeds. 


Date—1895. Woodhouse aicee Philosophical Hall. Kirkstall Roed. 
July lle ee == 78-30 see 
8-14. . == 88-30 83-60 
1o+2 1 = 61-70 60-60 
22-28 . . —— 65-30 58-50 
Nov. 10-16. . 22-94 5 20-61 
£7234 su. 15-92 = 12-25 
24-30 . . 10-20 a= 6-10 
Dec: 1-7. = 10-90 = 10-34 
8-14. . 18-30 a= fl bf 
15-21. . 4-50 4-80* 3°53 
29-4. . 2-60 1-99 1-53 
dan, -b-El. 3 <3 4-65 2-32 2-51 
d2<1So. 7:88 5-60 5°51 
19-25... 8-17 5:90 5-47 
ZO) Lets is 13-66 9-02 8-04 
Feb. 2-8. . 6-56 7:20* 7-58* 
B15 es 8-28 9-05* 10-57* 
16-22... 3°82 4-40* 3°26 


To economize space the results for each week are added together. 

* The six numbers marked with an asterisk are exceptions to the 
general rule. For some unexplained reason, the amount of light 
registered on these dates is greater near the centre of the town than on 
the open moor. 


The results exhibit a striking relation between the amount 
of suspended matter in the air and the intensity of the light. 

These relations are indicated by the dark and light columns 
in the diagram of Fig. 7, the dark column giving the relative 
proportion of suspended matter carried down by rain (p. 17), 
and the light column the relative total daylight. The amount 


of daylight i is thus seen to vary inversely with the amount of 
soot in the atmosphere. 


The Cost of Washing. 


We must add to the loss occasioned by smoke a heavy 
domestic washing bill. In a lecture delivered to the Leeds 
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Light Tests. 
Ser IT. 

Date— [Station 2. eas a = ee 5.|Station 7. ae 9) Station 

1910. | Hunslet. | “Fy737). sophical | ;7 Ne py Obserya: wood a 
Hall. gley. tory. ane: Garforth. 

May 29 5-5 5-4 — 6-2 — 6-8 7-2 
a SL 4-6 4-6 — 5-1 — 5:8 6:3 
ae} | 3:2 3°6 — 4-4 — 5-2 5-6 
June 1 3°5 3:8 a 4-9 4:6 5:3 
re tee 4-7 4-8 o- 4-9 = 5-6 5-7 
ad 5-4 5-4 5-4 5-7 5:5 5-9 5-6 
ty 24 2-9 2-9 3:2 3°4 3°6 3-8 4-2 
ao 3-0 3°5 3°8 4:3 5-1 5:4 4-5 
a G 2-9 3-1 4-6 4-8 5-0 5:6 6-3 
FANON § 4:5 4:8 5-6 5-7 5-9 6-1 6-7 
se we 2-1 3°9 4-5 4-8 5-0 5-2 5:8 
oe it’ 2-2 4-2 4-2 4-4 4:6 4:5 4-9 
0 2:0 2-4 4-2 4-4 4-7 5:0 4:8 
sy Ek 2-0 3-6 3-6 3-9 4:7 5-2 5-0 
ee Ge 3°3 5-2 5-9 6-0 6:3 6-4 6-8 
ay ks 2-0 4-6 4-9 5-0 6-1 5-2 5-6 
ae 1 3-1 4-0 4-9 5-1 5-3 5-2 5-0 
aa LD 2-1 3°2 4-1 3-9 4-6 4-8 5-1 
re MAH 2-1 3°5 4] 4-0 4-5 4:9 4-7 


Philosophical Society in 1896 I men- 
tioned a fact which illustrates this 
point. Alady who formerly resided 
in Leeds and removed to a similar 
establishment in the country (7.e., 
the same size of house and the same 
servants) informed me (being a care- 
ful and strict housekeeper) that the 
quantity of soap used in cleaning a 
room is less than half of that used 
in Leeds, the labour of cleaning less 
than a quarter. Windows which 
required cleaning once a week in 
Leeds, only required it once a fort- 
night and sometimes once a month 
in her present house. White curtains 


2. Hunslet. 


3. Beeston Hill. 
4, Philosophical Hall. 

5. Headingley. 7. Observatory. 
9. Weetwood Lane. 


Fie. 7.—Influence of sus- 
pended matter on inten- 
sity of light, 
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which were black in three weeks in Leeds, now lasted eighteen 
months. Generally speaking white fabrics lasted three times 
as long as formerly; the gilding of pictures and the silver 
and brass work remained free from discoloration for long 
periods. If three servants were required to do the work of a 
town house, two would do it easily in the country. 

It has been estimated as the result of a very careful inquiry 1 
that the cost of household washing in Manchester would be 
reduced by about £250,000 a year if Manchester were as clean 
as Harrogate. 


1 The Smokeless City, by E. D. Simon, M.I.C.E., M.I.M.E., and 
Marion Fitzgerald, A.R.San.Inst. 


GASEOUS IMPURITIES 


1. Sulphur Acids 


CoaL contains small quantities of sulphur, the amount of 
which varies between 1 and 2 per cent. On complete combus- 
tion the sulphur is evolved as sulphur dioxide, which in contact 
with air and moisture passes rapidly into sulphuric acid. This 
acid is a strongly corrosive substance. It attacks mortar, 
masonry, fabrics, and metal-work, and is highly injurious to 
vegetation, as we shall presently see. Coal is practically the 
sole source of this acid in town air ; for in pure country air it 
is virtually absent. Dr. Rideal 1 has calculated that if all the 
sulphur from 16 million tons of coal consumed annually in 
London passed into the air as sulphuric acid, it would represent 
from one-half to one million tons of acid. 

In incomplete combustion, such as occurs more particularly 
in the domestic grate, a portion of the sulphur is retained in 
the cinder, and some in the soot. Cohen and Hefford? found 
that the distribution of the sulphur in the products of com- 
bustion of two kinds of coal, burnt in an ordinary grate in 
percentages of total sulphur, was as follows :— 


Distribution of Sulphur Compounds from Burning Coal. 


A B 
Passing out as sulphur gases é TS 60-00 
Absorbed in the soot and mainly escaping 14-51 11-88 
Left behind in the cinder. ; 2 13-71 28-13 


Of that which is retained in the soot, a part is in the form of 
free acid, as seen from the following analyses :— 


1 Coal Smoke Abatement Conference, 1905. 
2 J. Soc. Chem. Ind. (1893), 12. 121. 


39 


40 SMOKE: A STUDY OF TOWN AIR 


Source of Soot. Sulphur. Acidity. 

Leeds University, fire-grate chimney. 2:99 0:37 
5 an boiler chimney . ‘ 2-67 1-33 
Winston Gardens, dining-room 3 : 2-45 0-92 
53 kitchen . : % 2-20 0:28 

North Grange Mount, study 5 3 2-32 0-50 
mA 3 es kitchen : : 1-46 0-50 


Rideal 1 found in samples of soot from London, Manchester, 
and Glasgow, an amount of acid corresponding to 4°6, 4:3, and 
7-9 per cent. of SO, respectively. The soot which fell on the 
glass roofs in the gardens of Kew.and Chelsea contained nearly 
5 per cent. of SOs. 

The deposition of acid along with soot upon the leaves of 
plants is a matter of no small importance, for it is probably 
one of the chief causes of the early withering of leaves which is 
so characteristic of trees growing in and near towns. 

The amount of sulphur compounds, present as free sulphur- 
ous or sulphuric acid, or in combination as sulphate in London 
air, has been very exhaustively studied by Dr. W. J. Russell.? 

Dr. Angus Smith, in his work on Air and Rain, gives a 
few analyses of samples of rain, and suggests that much might 
be learnt of the composition of the air by examining the 
impurities carried down by rain-water. 

Dr. Russell employed this method, and later devised a 
process for washing large quantities of air. He found the 
principal impurities in the rain of towns to be sulphates and 
chlorides, and expressed these as sulphuric acid and hydro- 
chloric acid per litre of rain-water. The amount of free acid 
was not estimated, as the majority of the samples, unlike Leeds 
rain, gave no acid reaction. Three stations were selected, one 
in the city at St. Bartholomew’s, and two suburban stations at 
Hamilton Terrace and Shacklewell. The amounts obtained in 
parts per million were as follows :— 


H,SO,in parts HClin parts 


per million. per million. 
St. Bartholomew’s 5 38-8 17-9 
Hamilton Terrace . ‘ 19-6 8-8 
Shacklewell . ‘ . 20:7 7:8 


1 For complete analyses, see Appendix B, p. 98. 


2 The Monthly Weather Report of the Meteorological VE Parts I 
I, and III, April, 1884, and August, 1885. 
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Thus, the city rain contained twice as much impurity as 
that collected at the suburban stations. Dr. Russell also 
found that at all three stations there was a notable increase 
in the proportion of sulphate during the summer months, which 
he put down partly to evaporation of the samples, and partly 
to volatile sulphur compounds being emitted from fee BN 
animal and vegetable matter. 

Some experiments made by condensing and collecting the 
moisture in the air at St. Bartholomew’s showed the same 
ratio of sulphate to chloride as well as the same amount per 
million parts as that in rain-water of the same locality. 

An interesting illustration is also given of the purifying 
effect of rain on the atmosphere in the analysis of samples at 
the beginning (I) and end (II) of a downpour. 


St. Bartholomew’s. | Hamilton Terrace. | Shacklewell Green. 


I. Ii, i II. I. Ils 
Sulphates . . 39-7 33-1 33-1 11-0 39-7 13-2 
Chlorides amie 8-7 3-6 36 1-4 5:8 2:8 


The best series of analyses of country rain are those of 
Messrs. Lawes, Gilbert, and Warrington of rain collected during 
thirteen months at Rothamsted, the means of which are as 
follows :— 

Parts per million. 


Sulphatesi wikis 1) Man 24 Ca eet aD 
Chioratesiers- WL ce 8s. sean «giere 


The proximity of the sea in increasing the amount of chloride 
is seen in the analysis of rain collected on Dartmoor during a 
south-westerly storm. 


Parts per million. 


Bolpnates 2 ae ee 8 
Chismdeaset.wi Gwe! Sark aes.) 2 P87 


We will now compare our own results of the analyses of 
sulphur and chlorine compounds contained in the monthly 
samples of rain collected at the ten Leeds stations and Garforth, 
giving the maximum and minimum for the year. 
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Variation in quantity of Sulphur and Chlorine Compounds in 
Leeds Rain. 


(Parts per Million.) 


a at Free acid Chlorine. 

‘Station expressed as 
As sulphate |In other forms Total. | H.SO,4. stale. 

max. min. | max. min. | max. min. | max. min. 

80, SO, 80, 
1 29-3 11-2 | 10-4 0-0 | 39-7 11-2 9-8 0.| 29-2 10:8 
2 34:1 15-1 89 1-4} 42-1 17-2 | 14-7 0 | 33:2 9-1 
3 87-2 17-4 |. 25-3 3-7 | 85:1 21-1'| 11-7 0} 15:8 9:0 
4 65-5 16:3 | 17-7 2-1 | 83:2 26-4 | 18-8 0| 43:2 47 
5 33-2 17-2} 11-1 3:7 | 42-2 24-3 3:3 1-1 | 24:9 65-9 
6 31:8 13-3 | 10-9 PA 13697 2 L728" [27 0 | 14-1 8-3 
7 25-9 9-4 | 32-6 0-9 | 58-5 10-3 | 10-8 0 | 33:2. 2-5 
8 25:7 8-9 9:0 2-6 | 33-5 11-4 4-6 0 8:3 4:3 
9 30°38 9-3 8:3 0-0 | 38:0 10-4 7:5 0 | 19-8 1:3 
10 18-3 5-0 49 0-0 | 232 6-2 0 0 93 2:3 
it 16:5 7:3 9-7 1:0 | 26-2° 8-3 


In the specimens of snow gathered on four consecutive 
days, and referred to on p. 14, the following quantity of sul- 
phates was found :— 


Sulphates in Snow calculated as SO; in parts per Million, 


Hirst-Gay ee bo a Seen Gee 
}s0 

Second eos): foul aoe 9-3 
3°8 

Third Ran sue ch+ a ee eee 
6-6 

HOUTUD Ny cates fs eee eel Oem 


These results cannot, of course, be compared with sulphates 
carried down by rain, but are interesting as showing a steady 
accumulation of this impurity even in clear weather on the 
surface of the ground. 

Taking the amount of sulphur compounds in the whole of 
the rain during the year, and estimating it as tons to the square 
mile, we arrive at the following results :-— 
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Sulphur in Leeds Rain. 


Tons per square mile per annum. 


Sulphur compounds expressed as SOx. 


ice fisheye pt 

phurie acid. As sulphate. In other forms. Totals. 

1 10-0 35-2 12:3 47-5 
3. 8-5 77-0 19-1 96-1 
4 12-9 42-5 13-7 56-2 
5 3-1 32-3 11-4 43-7 
6 8:3 31-4 13-1 44-5 
7 1-5 24-3 14-0 38:3 
8 2-3 22-0 20-0 42-0 
9 3-1 23-4 45 27-9 
11 8-0 18-6 7-4 26-0 


The above results are reproduced in the following diagram- 
matic form, in which the vertical columns in Fig. 8 give the 
amount of total sulphur, the unshaded part representing the 
proportion present as sulphurous acid, and the shaded part 
the amount of sulphuric acid either free or combined. The 
second diagram (Fig. 9) gives the amount of free acid. 


It is thus shown that the total sulphur in the form of | 


{ 


sulphurous or sulphuric acid is everywhere high, but | 


particularly so in and near the chief manufacturing areas. — 


Fortunately a large proportion of these acids is neutralized 
either by the alkaline fumes thrown out by the blast furnaces, 


or by ammonia emitted at the same time from the burning» 


coal (p. 62). Nevertheless free acid is present in large propor- 
tion, and represents in Hunslet an annual deposit of nearly 
27 tons to the square mile. 

Although it is the sulphurous acid which imparts to town 
fog its acrid and irritating effects (see p. 68), it is the sulphuric 
acid which is mainly responsible for the serious damage pro- 
duced on masonry and vegetation. 

Before concluding this section on the subject of sulphur 
compounds in air, reference should be made to Dr. Russell’s 
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experiments on washing air (Joc. cit.). The air was pumped into 
a wide vertical glass cylinder 2 feet 9 inches long and 2? inches 
in diameter, which was divided vertically and horizontally into 
compartments by means of wire gauze. The lower end of the 
washing cylinder was open and placed a little above the bottom 
of a glass vessel holding 400 c.c. of water. On working the 
pump the air forces the water into the cylinder and breaks it 
into a spray. A second washing vessel is attached to collect 


2 


#2346678 91013 


1. Leeds Forge. 2. Hunslet. 3. Beeston Hill. 4. Philosophical Hall. 
5. Headingley. 6. Armley. 7. Observatory. 8. Kirkstall. 9. Weet- 
wood Lane. 10. Roundhay. 11. Garforth. 


Fic. 8.—Relative amount of Fie. 9.—Relative amount of 
total sulphur. acidity. 


anything which might have escaped from the first. The 
apparatus is shown in Fig. 10. 

The mean of 27 experiments, which are divided into three 
groups of fine, dull, and foggy weather, are expressed in mgrms. 
per 100 cubic feet as follows :— 


Sulphates as Chlorides as 


Sulphuric acid. | Hydrochloric acid. 
Fine weather . . . 1-28 0-10 
Dull 4s mr Sel Ao aoe B 0-36 


Fogig ey faite cd Hh petted 0-28 
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2. Effects of Sulphuric Acid on Masonry 


Among the earlier records of the action of the acid in the 
atmosphere on buildings are those of Dr. Angus Smith, who 


im Il it 


a =F 


a FLL 


ieee i= 
Ca = = 


Fic. 10.—Dr. Russell’s apparatus for washing air. 


found in mortar 28-33 per cent. of sulphuric acid, equal to 48-16 
of calcium sulphate, produced by the action of the acid on the 
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lime. The white efflorescence which sometimes appears on 
brickwork is mainly composed of calcium or magnesium 
sulphate, and, according to the same authority, one of the 
chief causes of damage done by soot and smoke is the decay of 
mortar. It swells, becomes porous, and falls to pieces at the 
slightest touch. 

We are indebted to Sir H. Jackson for some of the results 
of his very careful and comprehensive inquiry into the effects 
of atmospheric sulphuric acid on the corrosion of masonry. 
On the stones from one historic building he reports: “‘ All 
consisted mainly of calcium carbonate, being almost entirely 
soluble in hydrochloric acid. They showed evidence of weather- 
ing and disintegration. The surfaces of most were soft and 
friable, and one was so very loose and rotten that it could 
be removed to a depth of } inch by mere rubbing. Two only 
had to be chipped in order to obtain portions for analysis. 
Chemical examination of the friable portions and of the 
unaffected inside of each of the stones showed that the disinte- 
gration could be ascribed to the action of sulphuric acid, 
which had converted part of the calcium carbonate into calcium 
sulphate. This was associated with an alteration in the struc- 
ture of the surfaces, resulting in a loosening of the particles 
which had previously been cemented by the silicates which 
exist in small amounts as constituents of all the stones. The 
amount of calcium sulphate taken 4 inch from the surface 
varied from 3-2 to 33-5 per cent. In one case calcium sulphate 
was found at a depth of nearly 4 inch, but there was no change 
below that. The friability was not always proportional to 
the amount of calcium sulphate. Disintegration depends. 
on the original character of the stone. Also the amount of 
calcium sulphate, which is soluble in water, may not represent 
the full extent of the conversion owing to its removal by 
rain.” In another case he reports— 

“The stone consists of calcium carbonate in granules, bound 
together by small quantities of calcium and aluminium silicate. 
A quantitative examination of scrapings taken from the inside 
of large pieces of stone showed that the disintegration of the 
stone could certainly be ascribed to the action of sulphuric 
acid. This acid, acting readily on the calcium carbonate, con- 
verts it into calcium sulphate and carbon dioxide. Analyses of 
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the calcium sulphate in the stone gave 4-75 to 15-81 per cent. 
on the outside, and 0-23 to 2-8 on the inside. It will be seen 
that fairly extensive chemical action has taken place on the 
outside of the stonework, but that this action has not penetrated 
very deeply. Limestones vary in the readiness with which 
they are disintegrated by the action of sulphuric acid, accom- 
panied by the mechanical effects of wind and rain, and the 
present stone is somewhat easily affected by sulphuric acid. 
The decay has resulted from the disintegration of the surface 
of the stonework, accompanying the conversion of calcium 
carbonate into calcium sulphate by the action of sulphuric 
acid present in the atmosphere. This conversion has been 
associated with a change in the structure of the stone, so that 
its granules and crystals, previously held together by the 
cementing influence of silicates, has been attacked and partially 
dissolved in such a way as to loosen the hold of the cementing 
material upon them, and render them easily displaced by the 
effects of wind, rain, frost, alterations of temperature, and the 
mechanical disturbance arising from the crystallization of 
calcium sulphate.” 

In his report on a Kentish ragstone from a church, Sir H. 
Jackson says :— 

“‘ Limestones used for building purposes vary considerably 
in the amount of acid which can be absorbed by them before 
they exhibit marked deterioration. Direct experiments on 
portions of the ragstone show that they are affected preju- 
dicially by relatively very small quantities of sulphuric acid. 
Analyses of average samples of the friable portions of the out- 
side surfaces of the specimens gave the following percentages 
of calcium sulphates from 0-52 to 3-85. 

“These quantities of calcium sulphate are but small com- 
pared with those frequently found in stones which have been 
exposed for many years to the air of towns, and which 
show less marked deterioration than that exhibited by the 
ragstone. 

“The evidence of analyses from stones from various points 
of the building is that the decay of the stone has been primarily | 
caused by the action of sulphuric acid present in the air, but it | 
must be remembered that a stone weakened in its resisting | 
power by such an action becomes much more readily affected, 
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by water and carbonic acid, as well as by the mechanical 
action of frost, winds, etc.” 

In the course of a report on sandstone from another church, 
he says :— 

“None of the differences in composition (between the 
decayed and undecayed portions) can be considered as indicat- 
ing extensive chemical changes, but it must be remembered 
that in a sandstone consisting mainly of grains of quartz 
bound together by small amounts of cementing materials, a 
relatively slight alteration in composition may mean con- 
siderable modification in the cohesive strength of the stone. 
The changes indicated by analysis are such as would result in a 
stone of the nature of the specimens from the ordinary process 
of weathering, assisted by the chemical action of sulphuric 
acid in the atmosphere. That this acid has played some part 
in the disintegration appears probable when account is taken 
of the increase in the amount of it on the surface of the speci- 
mens, compared with that present in the body of the stone.” 

Two further abstracts from Sir H. Jackson’s report on the 
stonework of another public building must suffice :— 

“The results of the examination and analysis point to the 
disintegration of the stone having been effected mainly through 
the agency of the acid vapours contained in the air. Of these 
the most detrimental have been the sulphurous and sulphuric 
acid, which arise mainly from the combustion of coal. These, 
including carbonic acid, water, and alternations of temperature, 
may be described as the materials and conditions primarily 
necessary for the decomposition of siliceous stones (sandstones) 
and limestones. There is practically no evidence of any 
effects which can be ascribed to hydrochloric acid. In the 
case of siliceous stones, which consist of silica in the form of 
grains of quartz cemented together by aluminium silicate and 
calcium carbonate, the latter has been freely attacked, and its 
place largely taken by calcium sulphate. This, besides being 
soluble to an appreciable extent in water, does not act as an 
agglutinant for the quartz grains, which, consequently, have 
been rapidly displaced from their former positions. 

“ Disintegration having once started, would be progressive, 
not only on account of the continued existence of the primary 
causes and conditions, but because of the consequent increased 
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porosity of the surface of the stone rendering this a readier 
absorbent, both of injurious gases and of aqueous solutions, 
capable of chemically acting upon the materials with which 
they are thus brought into intimate contact.” 

The analyses show that in the case of limestones in many 
instances more than half the carbonate has been transformed 
into sulphate on the surface, and in the case of siliceous stones 
an even larger percentage of the binding carbonate has been 
transformed. 

“Tt must be borne in mind, in comparing numbers for the 
percentages of calcium sulphate, that limestones are much more 
chemically active towards sulphurous and sulphuric acid than 
siliceous stones, and that, consequently, given the two varieties 
bathed in the same atmosphere, the limestones would show the 
higher percentage of calcium sulphate. It does not necessarily 
follow that they would show the greater disintegration, for with 
the removal of their cementing and agglutinating portions, the 
siliceous stones would be readily affected mechanically, as for 
example, by dust-laden winds and the freezing of water.” 

A very deeply interesting and comprehensive review of the 
whole subject of damage by smoke and the gaseous acid pro- 
ducts of coal combustion to public buildings was given in an 
address by Sir Frank Baines, Director of H.M. Office of Works, 
at the recent Smoke Abatement Conference held in Manchester 
in November 1924 under the auspices of the Smoke Abatement 
League of Great Britain.} 

His observations confirm those of Sir H. Jackson, namely, 
that the action of sulphur acids upon all stones having lime 
or magnesia in their composition is very rapid and progressive. 

He said: “ When sulphuric acid is brought into contact 
with the stone either by moisture or in tarry sooty deposits 
afterwards saturated with moisture, chemical reaction is set 
up in which part of the calcium or magnesium carbonate 
changes to sulphate, with the dispersal of carbon dioxide. 

“The upper and more exposed parts of the stone suffer first 
and the flatter and projecting surfaces more than the vertical. 

“The calcium sulphate is much more soluble than the 


1 The Report of the Conference may be obtained from Mr. C. Elliott, 
B.Sc., A.M.I.C.E., 33 Blackfriars Street, Manchester, price, post free, 
5s. 6d. ‘ 
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carbonate, the sulphite even more so, and the streaky effect 
often to be noted results from water charged with these salts 
running down and depositing them on otherwise unaffected 
surfaces. Where it is checked in its flow at the soffits of cor- 
nices or strings or other projecting features or at recessed 
parts of carvings, sheltered corners, and indeed anywhere 
where the water tends to hang or creep without immediately 
running off, the dissolved sulphate will generally be precipitated 
and, with the tarry soot which also tends to collect and stick 
in the same sheltered position, is gradually formed the tenacious 
ugly black incrustations which are so common an obliteration 
on limestone buildings in London. A large number of pieces 
of these incrustations have been chemically examined, detached 
from Portland, Bath, Auston, Mansfield and York stones and 
from brickwork used in association with Portland stone, 
with some from slates, granite, iron, lead and zinc work. In 
every case sulphate was found as one of the constituents, while 
only in one or two cases was it found in sound parts of the 
material, or could it have been derived from any other source 
than the atmosphere. In addition to direct destruction of the 
stone surface by the formation of sulphate, is to be noted the 
great alteration of volume due to conversion of carbonates to 
crystalline sulphates. Where limestone is attacked and part 
of the calcium carbonate is replaced by sulphate, the increase 
in volume is from 1 to 1-7. Where magnesium carbonate is 
replaced by sulphate the increase is 1 to 4-2. 

-“* When, therefore, acid-bearing water soaks into the stone 
and calcium and magnesium sulphate is formed, the physical 
condition developed may be grave enough to, and indeed does, 
cause exfoliation of the surface. Instances of this kind are 
very common, in which the presence of crystals of sulphate 
behind the extended flake or fragment, shows a mechanical 
bursting away of the face, similar to, say, frost action. The 
presence of flaws and cracks behind the face, face bedding of 
the stones, or soft pockets or layers in its structure, naturally 
gives greater opportunity for destruction, and quite considerable 
flakes or fragments are often forced off the solid stone. Para- 
pets and balustrades often exhibit the various phenomena 
of this decay in proximity: pieces burst away as if sliced 
off as by a knife... . 
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“In softer, non-crystalline limestone, like Caen stone, 
exfoliation is serious and frequent, particularly where the 
surface has been hardened by some waterproofing preparation. 
Sooner or later the hard skin begins to exfoliate and the 
powdering of the stone behind it, already well advanced, 
increases by compound measure... . Another serious effect 
of atmospheric impurity is the decay in magnesian limestone 
(of which the Houses of Parliament are constructed). 

“The formation of the sulphate is attended by a very 
large expansion, its ultimate bulk being about four times that 
of the original stone which it displaces, and as a result the 
building is becoming a mutilated and disfigured structure. 
The decay is universal over the whole area of the Houses of 
Parliament, and roughly 30 tons of loose pieces of stone have 
been taken off by hand from various parts of the structure. 

“ There is no need for one to dwell at length upon the decay 
of sandstones ; they are not so directly attacked by the acids 
of the atmosphere as are the limestones, except when they 
contain calcite as the cementing material ; when this is the case 
the calcite is destroyed by the attack of the sulphur acids 
and sulphate of lime is formed, the silica grains of the sand 
becoming loose and disintegrated and the stone breaking 
down. 

“* Mouldings, as a consequence, are eroded away, and very 
often large masses become detached through the percolation 
of the acid-laden moisture into the minute fissures or planes of 
cleavage. 

“Of the actual effects of atmospheric acids upon stone, 
carbonic acid is by far the most universal and continuous 
in its action, but although the quantity diffused in the air is 
enormously greater than that of the sulphur acids, its effect 
is relatively mild and slow and the results of it more even 
and less destructive. Even the increment in quantity in 
town air is negligible compared with the sulphur acids. Even 
in the limestones and magnesian limestones its action is very 
slow and on granites it is so slow as to be practically negligible.” 

Through the kindness of Sir Frank Baines we have been 
able to reproduce five out of a very large number of photo- 
graphs, illustrating the process of disintegration which some 
of the most important historic buildings are undergoing through 
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the agency of smoke and the acid gases of burning coal. (See 
Plates I, XI and XII.) 

In the further course of his address, referring to the cost 
entailed, Sir F. Baines said ; 

“‘T have endeavoured to form an estimate to ascertain 
what proportion of these charges (i.e., for maintenance and 
repair of historic and official buildings) can be regarded as 
due to the impurities in the atmosphere ; it is a difficult ques- 
tion ; but if the air were as clear and pure in towns as it is 
in the rural districts, I estimate that at the very least £120,000 
per annum could be saved upon the maintenance of official 
buildings in the charge of my Department. This computation 
cannot, of course, be regarded as an exact figure ; it can only 
be an approximation ; but after taking carefully into account 
all the conditions and the appraisement of the serious deprecia- 
tion of the buildings over the whole area of maintenance and 
repair work, the saving in annual charges might well be found 
to be from 30 to 40 per cent. of the present day costs.” 


3. Effects of Sulphuric Acid on Metal Work 


We are indebted to Mr. W. B. Worthington, formerly chief 
engineer of the Midland Railway, and Mr. A. Rattray, formerly 
chief engineer of the Lancashire and Yorkshire Railway, for 
the details of experiments made to ascertain the loss of weight 
of rails arising from wear and tear, and from corrosion. A 
number of rails were placed in suitable positions by the side of 
the line, and weighed at intervals, and the loss of weight 
recorded. The rails were of the ordinary railway section, 
weighing about 86 Ibs. per yard. The annual loss of weight 
from corrosion was as follows :— 


Loss of weight in Number of years 
pounds per annum _ over which obser- 


per yard. vations extended. 
(1) In the centre of the town . . . 1:04 17 
(2) In a dry place in a smoky tunnel . 1-48 13 
(3) In a wet place in the same tunnel 1:71 8 
(4) On the sea coast amongst sand hills 0-18 17 


The effect of smoke is very evident both in the town and in 
the tunnel. It would appear that the amount of corrosion due 
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Fic. 1.—Effect of various proportions of sulphuric acid in water. 
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Effect of various proportions of sulphuric acid in water. 


Garforth rain neutralized. Garforth rain. Leeds rain. 


Fic. 3.—Effect of (1) Garforth rain-water neutralized ; (2) Garforth rain- 
water; (3) Leeds rain-water. 
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Fie. 1.—Effect of various proportions of sulphuric acid. 
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Fic. 2.—Effect of various proportions of sulphuric acid. 
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Fic. 3.—Effect of various proportions of sulphuric acid. 
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to this cause from town air is more than six times that from the 
purer atmosphere of the sea coast. This action on rails must, 
of course, be the same for all ironwork exposed to the atmo- 
sphere, and gives an indication of the widespread amount of 
corrosion which must be taking place. 


4. Effects of Sulphuric Acid on Vegetation ! 


In order to examine the effect of sulphuric acid upon vegeta- 
tion, Timothy grass (a perennial grass) was sown on May 12, 
1908, in boxes 1 foot square, filled with soil from a well-mixed 
heap, and treated exactly alike throughout the experiments 
with the exception of the watering. They were watered at 
rates corresponding to the average Garforth rainfall of 25 
inches, with waters containing respectively 1, 2, 4, 8, 16, and 32 
parts of sulphuric acid per 100,000. Other boxes were watered 
with Garforth rain-water, with the same water neutralized, and 
with Leeds rain-water. It may be added that the acidity of 
the Leeds rain ranges from 3 to occasionally 10 parts per 
100,000. 

In the case of the Leeds rain-water and of those waters 
containing the higher degrees of acidity, germination was dis- 
tinctly checked, and the delicate green of the young grasses 
quickly changed to a yellow or brown (Plate IX). 

The grasses treated with water whose acidity was 32 parts 
per 100,000 were killed off in little more than three months, 
and not a trace of vegetation of any kind was visible in the 
following spring. The water of acidity 16 parts per 100,000 
proved fatal in less than a year. The weights and composition 
of the material grown during the three seasons 1908-1910 are 
recorded in the table on the next page. In addition to the 
dry matter, the amounts of nitrogen and crude fibre (that is, 
the indigestible matter) have also been estimated. 

It will be observed that in every case the yield steadily 
decreased with the increased acidity of the water used, and that 
the effects in this respect were cumulative. 

In the first season only the ‘“‘ 32 parts ” shows any decided 
fall in the yield. In the following season this specimen was 


1 Crowther and Ruston, J. Agric. Science (1911), 4. 25. 
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killed, whilst the “16 parts’ was in extremis, and in 1910 
not a trace of vegetation was left; whilst the “4 parts” and 
“8 parts”? show a minimal yield. Even the grass in the 
“2 parts” box is suffering severely, and, most interesting of 
all, the Leeds rain is now definitely telling its tale. 


The Action of Sulphuric Acid on the Yield of 
Timothy Grass. 


Total Nitrogen in Crude fibre in 


Description of water used. dry matter. dry matter. dry matter. 


Year | 1908] 1909] 1910/| 1908) 1909) 1910/| 1908; 1909; 1910 


Per | Per | Per || Per | Per | Per 

gms. | gms. | gms. ||cent. | cent. | cent. || cent. | cent. | cent. 

Garforth rain, neutralized| 28-0} 24-9) 14-7|| 2-47) 2-22) 1-58) 24-3) 21-9] 23-7 
53 », ordinary . | 24-8) 18-5} 11-0)| 2-01) 1-75) 1-54) 25-9) 25-3) 26-0 
Leeds rain . . ._ . |23-8)17-5} 6-6] 1-96) 1-42) 1-23|| 26-4) 26-3) 27-2 
1 part H,SO, per 100,000) 30-5) 18-2) 12-0)) 1-89} 1-61) 1-40]| 25-5) 27-3) 26-2 
2parts ,, 3 28-7| 17-8} 8-0|| 1-84) 1-06) 1-09)| 26-3] 28-8) 28-7 
4 as, 7 ie 28-8) 10-0} 3-9)| 1-74) 0-95) 0-86)| 27-4) 28-9) 28-9 
Sms 3 Z 24-8] 8-2) 3-7|| 1-77) 0-89} 0-82)| 28-2) 33-4) 30-3 
LG. 5 55 23-8) 1-8) nil || 1-62] 0-87) — || 30-8) 36-2} — 
ey ess pS sh 14-1} nil | nil || 0-93) — | — }}31-6; — | — 


The three photographs reproduced in Plate X show the 
appearance of the grass after the first season’s growth, the 
boxes being arranged in order of increasing “ parts” of 
sulphuric acid. 

The results of the analyses also show that the increase in 
acidity, besides reducing the total yield of dry matter, lowered 
the nitrogen content and increased that of crude fibre. The 
grass grown with the nine acid waters must obviously be greatly 
inferior in nutritive value to that grown with neutral or less 
acid waters. The effect is quite evident in the case even of the 
grass watered with water containing only one part of acid per 
100,000, a proportion which is about the average in Garforth 
rain, and hence it becomes a matter of importance to ascertain 
to what extent this deterioration can be traced to the soil of 
meadows in smoke-infected areas. The soil in the boxes was 
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therefore submitted to chemical and bacteriological examina- 
tion by well-known methods.? 


Chemical Analysis of Soils. 


. Oo s _— 

Nitrogen. ae ot 23 : ee 

PPE SE a kee 

@ | 28| o8| fs] fo 28S) 8c 4 

S| “8 / “2 ) Se | sa Se | pee 

io a Z|: : & o b| $ 5 

per | per | per | per | per | per 

cent. |million/million} cent. | cent. | cent. | mm. 

Garforth rain, neutralized . |0-179| 3-5 | 5-8 | 0-014! 0-012) 0-23) 12 
5 » ordinary . |0-159} 1-4 | 4-7 | 0-019) 0-019) 0-18 9 
Leeds rain * - |0-162) 2-5 | 3-7 | 0-026) 0-031) 0-14 5 
1 part H,SO, per 100,000 |0-154} 2-1 | 4-1 | 0-023) 0-015] 0-16 8 
2 parts ” os 0-158) 4:9 | 3:3 | 0-026) 0-021) 0-12 6 
4 5 > 29 0-128) 6-8 | 1-3 | 0-026) 0-026) 0-10 4 
8 * 99 0-126) 7-9 | 0:5 | 0-041) 0-029) 0-05 4 
16 5 2 ” 0-144) 8-1 | 0-0 | 0-043) 0-042) 0-04 3 
a2 * - 0-133) 9-4 | 0-0 | 0-046) 0-043) 0-03 0 


With the exception of the total nitrogen, a distinct correla- 
tion is traceable in all cases between the amount of acid applied 
to the soil and the different quantities estimated. Thus, 
increasing acidity has clearly led on the one hand to diminished 
content of nitrates and of carbonates, and to diminished absorp- 
tive power for oxygen, but on the other hand to increased 
content of the easily soluble mineral ingredients and also of 
ammonia. The absorptive power for oxygen thus measured is 
in effect a measure of the activity of the micro-organisms in the 
soil, and this diminished absorptive power is a clear index of 
the general diminished fertility of the soil.2_ The increase in 
the ammonia-content of the soil with increased applications of 
acid finds a ready explanation in the results of the bacterio- 


logical investigations. 


1 The methods used were those of Kjeldahl-Gunning for nitrogen, 
Russell for ammonia, Dyer for phosphoric acid and potash, Amos for 
total carbonate, Russell and Darbishire for absorptive power for 
oxygen, and nitrates were determined by extraction and reduction to 


ammonia. 
2 Russell and Darbishire, J. of Agric. Science (1905), 1. 260. 
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Bacteriological Investigation of Sozls. 


Total num- A F 
ber of bac: | oduoed Sarreten jasad Oe 
ee at from } into gm. of 
ae RIL peptone. nitrates. mannite. 
thousands. mgs. mgs. mgs. 
Garforth rain, neutralized 5228 13-9 1-02 4-6 
a % TOrdinary (i 1690 12-7 0-84 3:7 
Leeds rain FS 1170 11:7 0-73 3:0 
1 part H,SO, per 100, 000 1260 12:1 0-80 3°3 
ZsDares) so ss ‘ 1100 11-2 0-85 3:0 
4 ”? 2° co) ” 690 10:5 0-52 2°8 
Sass ” ns 130 10:3 0-36 2-4 
TGgiess 9 99 40 10:3 0-28 1-9 
32 ”? ” 2»? 15 8-1 0-13 1:8 


The influence of the treatment with acid upon the extent 
and character of the bacterial flora of the soil will be seen to 
have been very striking, the total number of bacteria diminish- 
ing rapidly with increasing acidity, this being reflected also in 
diminished activity as regards ammonia-production, nitrogen- 
fixation, and, above all, nitrification. 

Ammonia-producing Bacteria.—The activity of these bacteria 
was measured by their effect upon peptone. The procedure in 
each case was to incubate 14 grams of the soil with 100 c.c. of 
a nutrient solution containing 1 per cent. of peptone, but no 
other source of nitrogen. The incubation at 30° C. was pro- 
longed for three days and the ammonia produced then estimated 
by distillation with magnesia. In each case a strong growth 
' was obtained at the surface of the peptone solution, but the rate 
of development and appearance of the film varied so markedly 
in the different flasks as almost to permit the soils to be graded 
on this basis alone. 

It will be noted that whereas ammonia-production was 
appreciably more active in the ‘‘ Garforth Neutral ” soil than 
in those which had received acid waters, the diminution of 
activity with increasing acidity was very gradual and slight, 
being only about 25 per cent. less, even in the “16 parts ” 


soil. There was, however, a rece falling off in the case 
of the ‘‘ 32 parts ”’ soil. 
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Nitrification.—The most marked effect of the acidity is seen 
in the reduced activity of the nitrifying or nitrate-producing 
organisms. 

This was investigated in each case by incubating 5 grams of 
the soil with 100 ¢.c. of a sterile nutrient medium containing 
0-05 gram of ammonium sulphate, 0-5 gram of calcium carbo- 
nate being also added. After 21 days’ incubation at 30° C. the 
nitrates formed were estimated colorimetrically by the picrate 
method. The films obtained were in no case very well 
developed, which was not surprising in view of the initial 
poverty of the soil in calcium carbonate. The amounts of 
nitrate produced were thus in all cases very low, but still the 
influence of acidity is brought out very sharply (Fig. 11). 
There is again the general concordance between the results 


GARPFORTH NEUTRAL Jee 
GARFORTH RAIN [PNT oie oR See 
LEEDS RAIN GP ESES oma 
ACIDITY 1 PARTPER 100000 
»  2PARTS,> » ees 
9a 4 Lad ” a” Serr ae 
> bn dn s 
” 16 ++ 9 ’” Wier 
9 32 of ” [| 
0 0.1 0.2 03 04 0.5 0-6 0.7 u.8 0-9 
MILLIGRAMS 


Fia. 11.—Influence of acidity. Nitrogen nitrated. 


obtained with the two ordinary rain-waters and the “1 part” 
and “2 parts ”’ soils. 

It will be noted that the activity of the nitrifying organisms 
was inhibited to a relatively far greater extent than that of the 
ammonia-producing organisms. Thus, for instance, in the “ 4 
parts ” soil the nitrate-production was only one-half, whereas 
the ammonia-production was fully 75 per cent. of that in the 
** Garforth Neutral ”’ soil. This furnishes a ready explanation 
of the fact, previously recorded, that the ammonia-content 
of the soils was greater when increased amounts of acid had 
been applied to them (p. 55). 

The conversion of the complex albuminoids originally 
present in the soil into the soluble nitrates upon which the 
plant principally feeds, proceeds in at least two stages. The 
organisms which are responsible for the first change from 
albuminoids into ammonium compounds are apparently 
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susceptible, though not vitally so, to acid influences. On 
the other hand, the organisms which are responsible for the 
final change of the ammonium compounds into nitrates are 
practically unable to work in the presence of free acids. Hence, 
though the activity of the ammonia-producing organisms is 
distinctly checked, ammonia is still produced. In the case of 
the higher degrees of acidity the nitrifying organisms are 
almost non-existent. Thus, the increased application of acid 
gives an increased ammonia content to the soil, not because 
more ammonia is produced, but because the smaller amount 
of ammonia thus produced is incapable of being converted 
into nitrates, and hence accumulates. 

Nitrogen-fixing Organisms.—The activity of these organisms 
was measured by incubating 1 gram of soil with 0-5 gram of 
calcium carbonate and 100 c.c. of a sterile nutrient solution 
containing 2 grams mannite, 0-02 gram each of potassium 
dihydrogen phosphate, crystallized magnesium sulphate, and 
sodium chloride, and 0-1 gram of calcium sulphate. After 
incubation for 13 days at 30° C. the nitrogen-content of the 
mixture was determined by the Kjeldahl-Gunning method. 
The amount of nitrogen fixed was then arrived at by deducting 
the nitrogen originally present in the 1 gram of soil taken. 

The characteristic growth of the nitrogen-fixing organisms 
has been fully described by Ashby, and the sequence of gas- 
production, growth of film, and gradual darkening in colour 
referred to by him were exactly reproduced in these cultures. 

The differences in the rate of development with the different 
soils were, however, so marked that it was quite possible from 
the appearance of the cultures to place the soils substantially 
in the order which was subsequently found to be that of their 
nitrogen-fixing activities. 

Here again, as in the case of nitrification, the application of 
acid waters to the soil is seen to have exercised a marked 
inhibitory effect upon the activity of the nitrogen-fixing 
organisms, the reduction in the case of the soil on which the 
more impure rain-water (Leeds) was used amounting to practic- 
ally one-third of the nitrogen-fixing activity of the “ Garforth 
Neutral” soil (Fig. 12). 

It is also interesting to note that here again, as in the case 
of the other forms of bacterial activity investigated, the Leeds 
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rain-water exercises an inhibitory effect somewhat greater than 
that of water containing one part of H,SO, per 100,000, but not 
greater than that of water containing two parts of H,SO, per 
100,000. This accords precisely with the indications of the 
yields of dry matter and with the results of the analyses of 
Leeds rain samples recorded in p. 42. 

To sum up, the presence of free acid in the atmosphere 
exercises a detrimental influence upon plant growth by direct 
action upon the leaves, and by indirectly reducing the activity 
not only of the necessary ammoniacal fermentation of the soil 
humus, but even more by lowering the activity of the nitrify- 
ing and nitrogen-fixing organisms in the soil. Moreover, the 
continued application to the soil of acid rain produces a grass 
distinctly poorer in protein and richer in fibre, and consequently 
less nutritious. 


GARFORTH NEUTRAL Pia a ree ee 


GARFORTH RAIN ee 
LEEDS R/&th 
ACIDITY 1 PART PER BS penn meer 
” 2PARTS * ” [sete pais! Mere | 
” 40 .» » ___ z= 
” 8 » » as 
ov 16 » ” ” Fatt acCrYREE 
” 32 » ” ” | pee cee 2 3 4 5 
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Fig. 12.—Influence of acidity. Nitrogen fixed. 


The presence of smoke contamination is usually made 
manifest by an increased sulphur content in the leaves of trees 


and plants. 
The following analyses by Mr. D. R. Steuart, of Broxburn, 
of the leaves of conifers illustrate this point very clearly. 


Spruce Leaves. 


Source of leaves. {Percentage of SO, in original leaves. 


1. Roman Camp, very near shale 

retorts: 4.21) ¢ . | 0-28 per cent. of total weight 
2. Ecclesmachan, Cy village 

in rahe Ga of shale 

works . - | 0-12 5 Be 
3. Near Gannivies. in gate Sobutey 0:07 = Py ef 
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Scotch Fir. 
1. Roman Camp iis Si Rew 9 ppericent. 
> Near Dumfries 2. « '.. «+. 9/0-06 Yr, 


In the case of leaves of the same age and from the same plant, 
collected from localities where sulphur content of the air 
has been determined, a striking correlation is observed between 
the SO, content in the dry matter of the leaves and the annual 
deposit of SO, from the air as previously determined. 


Percentage of SO, in dry matter 


of leaves. 


Yearly de- 
Station. aie pods Ash tree. 
en ee Lettuces. 
After 
Total Cleaning. 

Per cent. Per cent. Per cent. 
iy -Evanslete~: ¢ cas ie is * ae 215 4-52 3:15 3°22 
2. Park Square pare. 197 4-16 — 2-61 
3, University. 7 s- ay 134 — —_ 1:99 
4. Headingley Hill. . . 116 3°73 3-03 2-02 
5. Weetwood Lane err 98 3°52 2-27 1:53 
G.eGartorthy.. -. 4.0 5. | 91 — == 1-20 


It would appear, therefore, that in the more smoke-infested 
areas, not only is there an increased deposit of sulphur com- 
pounds with the soot upon the surface of the leaves, but that 
there is also an increased intake of SO,, probably through the 
stomatal openings. 


5. Other Gaseous Products of Combustion and their 
Effects 


Chlorides are found in large quantities in the atmosphere, 
especially in industrial areas,- where, expressed as common 
salt, they sometimes reach as much as 100 to 130 tons per 
square mile of surface. The amount carried down by rain at 
the different stations previously referred to is shown in the 
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following diagram (Fig. 13) by means of the shaded columns. 
The actual quantities, together with the content of ammonia 
estimated in the same samples of rain, are given in the table 
at the end of this section. 

That the greater part of these chlorides are purely local 
is proved by the following facts: They diminish rapidly in 
amount on passing northwards from the centre of the town. 
Thus at the Philosophical Hall they represent 214 tons per 
square mile ; one mile out they fall to 144 tons ; and two and 
a half miles out they fall again to 10 
tons per square mile. Furthermore, 
the average chlorine content, as given 
by Angus Smith, of rain collected in 
inland country places in England is 
3°88 parts per million, a figure prac- 
tically identical with the average at 
Garforth, 74 miles distant. In an in- 
dustrial centre like Hunslet the average 
rises to 35-43 parts per million, or 
nearly 10 times as much. 

An excess of chlorides taken alone 
is no proof of a bad atmosphere, for 
they naturally increase in quantitythe | 
nearer the vicinity to the sea ; but an — 
excess in an inland district above SIRE ae oe eee atten 
amount in the surrounding area is a 3. Beeston Hill. 4, Philo- 

, P sophical Hall. 5. Head- 
clear proof of contamination from an _ingley. 6. Armley. 7. 
industrial source. Of the 54 tons of  — (Pservatory. 8. Kinkstal 
chlorine per square mile deposited each — Roundhay. 11. Garforth. 
year at Hunslet, 6 tons may beascribed 44, 13 Relative amount 
to the sea-spray, and the remainder of chlorine. 
to the impurities derived from blast- 
furnaces, glass-works, and potteries, as well as from the coal 
itself. 

The nitrogenous impurities would all be distinctly beneficial 
to vegetation, either acting directly as stimulants and fertilizers 
or neutralizing the acidity due to the presence of sulphur 
or chlorine compounds. They are derived mainly from the 
nitrogen originally present in the coal, and also, in a smaller 
degree, from decomposing organic matter and from the 
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direct oxidation of free nitrogen of the air. In this case 
there does not appear to be the great 
variation in the amount in different 
parts of the town that is shown by 
other impurities, the highest represent- 
ing 7 tons and the lowest 23 tons to 
the square mile. It is, however, inter- 
esting to note that nitrogen, in the form 
of nitrates, is found only in the cleanest 
localities, and that the organic nitrogen 
is found in the largest quantities in the 
Z industrial areas. 

Loads Peers, ae Wen The diagram of Fig. 14 represents, 
3. Beeston Hill. 4. Philo- by vertical columns, the variation in 


sophical Hall. 5, Head- a e 
ingley. 6. Armley. 7. the amount of nitrogen in the form 


Observatory. 8. Kirkstall. ’ : 4 
pDacrvatory.. 8. Kimstay, of ammonia (black), organic nitro- 
Era 11. Garforth. gen (shaded), and nitrates (blank), 
Fia. 14.—Relative amount * * a 
of wiltrogens found in rain-water of the various 
stations. 
The actual analytical results are shown in the following 
table:— 


-_ 
. 


Chlorine and Nitrogen in Leeds Rain, 


Tons per square mile. 


Nitrogen 
cite Chlorine. 

oO. 
as ammonia. as nitrate. jas albuminoid. Total. 
1 47-0 3-71 0-00 1-34 5:05 
2 56:5 4:43 0:00 0:83 5-26 
3 29-0 4-11 0-14 1:00 5-25 
4 21-4 4-11 0-08 0-63 4-82 
5 11:7 3°17 0:31 0:23 3-71 
6 31-0 2°83 0-28 0-91 4-02 
7 14:6 2-65 0:23 0:46 3°34 
8 16:3 2-20 0:05 0-65 2-90 
9 9-7 2°37 0-31 0-60 3:28 
10 11:0 1:65 0-20 0:37 2°22 
ll 6:3 1-43 0-91 0:31 2-65 
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6. Arsenic in Coal, Soot, and Rain: 


Dr. Russell, in his exhaustive study of atmospheric im- 
purities, already referred to (p. 40), had looked for and dis- 
covered arsenic in London rain-water to the extent of 0-0003 
part per million. 

It is well known that most kinds of coal contain small 
quantities of arsenic, probably due to the presence of arsenical 
pyrites. A large number of estimations of arsenic in coal 
were made in connection with the Royal Commission which 
inquired into cases of poisoning with beer containing arsenic. 
In these analyses the quantity varied from a trace to 0-13 per 
cent. calculated as As,O;. In addition to this, Mr. T. Fairley, 
city analyst for Leeds, investigated household dust from 
different sources, and found the following quantities of 
arsenic? :— 


Per cent. 
Dust from shelves, Mr. Fairley’s laboratory . . 0-010 
bs »> Mr. Mackey’s ape es OL 
Dust from bookcase, Mr. Fairley’s office. . . 0-006 
4 shop, Commercial Street, Leeds . . 0-004 


We have been able to confirm Mr. Fairley’s result in two 
specimens of dust, one taken from the top of a book-shelf near 
station 5 (Headingley), which contained a trace, and the other 
collected in the University (station 7), which consisted largely 
of soot, and contained 0-015 per cent. 

There can be little doubt that the arsenic in the dust was 
present in the smuts from the coal. 

Mr. Delépine,*? in his evidence before the above Royal 
Commission, gave results of his examination of soot from 
various coals. In soot from South Yorkshire coals he found 
0-08 per cent. of As,O;; in the soot from a coke stove burning 
coke from the Manchester gasworks, 0-4 per cent. was present ; 
in another soot from coke, about 0-5 per cent. He concluded 
that “the large amount of arsenic in soot causes a marked 
arsenical contamination of the air in Manchester, and may 


1 “ Report of the Royal Commission on Arsenical Poisoning,” Part 
I, 1901; Part II, 1962-3. 

2 Ibid., Part II, p. 62. 

3 Ibid., Part I, p. 195. 
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account for the bad effects of this air on vegetation.” Further 
on he said: “I have a suspicion that soot from towns, where 
arsenical coal is used, is far more irritating to the lungs than 
pure coal dust. The reason why I say so is that I have noticed 
there is generally more fibrous tissue produced in the lung in 
town anthracosis than when the coal is inhaled as dust, as, 
for instance, in the case of coal-miners. I find the lungs of 
coal-miners may become as black as soot and all the lymphatic 
vessels entirely distended with ordinary coal dust without there 
being evidence of very distinct inflammatory reaction ; whilst, 
on the contrary, in towns, where the amount of carbon collected 
in the lungs is smaller, there are frequently capsules of fibrous 
tissue in the lungs around small masses of carbon which have 
accumulated, indicating some irritating action on the part of 
the soot.” 

A large number of samples of soot have been examined by 
us for arsenic, which was found to be present in every case.} 
The following are the results calculated as As,O,; :— 


10 ft. 15 ft. ‘20 ft. 25 ft. 30 ft. 35 ft. 
Winston Gardens . 0:0021 0:0044 0:0056 0-0090 0-0053 0-0017 


It is seen from these figures that the quantity increases to 
a maximum at 25 feet from the fire-grate and then diminishes. 
The result is what might be anticipated from the fact that 
arsenic readily sublimes both in the elementary state and as 
oxide, and would therefore pass from the hotter to the cooler 
part of the flue where the greater portion would deposit. 

The same result was obtained in the case of soot collected 
at different heights from the boiler chimney of the Leeds 
University (per cent. of As,O;)— 


Bottom of Top of chimney 
Coal. chimney. 3 ft. 13 ft. 100 ft. 


University chimney . 0-129 0-104 0-073 0-100 0-160 


The cause of the increase in the amount of arsenic at the 
bottom of the chimney is not apparent, but it may possibly be 
due to local cooling. It is, however, noteworthy that the highest 

1 These analyses were performed by the Gutzeit method under our 


supervision by Mr. C. J. Smithells, a student of the Leeds University, 
to whom we offer our best thanks. 
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figure is obtained at the point where the soot escapes into the 
open air, and that the percentage is higher than in the coal 
used. It should be noticed, also, that the lower quality of coal 
used for the boilers is higher in its arsenic content. 

Finally, the amount of arsenic has been estimated in a good 
quality of Yorkshire coal used for domestic purposes in which 
only a trace of arsenic was present. The soot in this case, 
collected near the bottom of the flue, contained 0-018 per cent. 

It is an interesting fact that all town dust, as well as town 
air contaminated with soot, is never free from arsenic, and, 
according to Mr. Delépine, may affect detrimentally the health 
of the community. 


TOWN FOG 


Foa or mist consists of suspended particles of water. One 
curious and interesting feature about the formation of fine 
particles of mist or the larger particles we call raindrops or 
dew is that the starting-point, the nucleus of each of these par- 
ticles of water, is a speck of dust—a speck which may be so 
minute as to be invisible to the naked eye. Particles of water 
may also be deposited on what are known as ions ; but this is 
an artificial condition of the air, which may be induced by 
radioactive substances and in other ways. Generally speaking, 
however, suspended particles of water in the air have a solid 
nucleus. Without dust there is no mist, rain, or dew. What 
would happen, then, if air free from dust were saturated with 
moisture and the temperature fell 2? Water would be deposited, 
but only on solid objects. It would appear on the ground and 
on buildings. It would stream down the walls of our houses 
and soak the surface of the earth. Every solid thing out-of- 
doors would be wet, but no mist would appear and no rain 
would fall. As the number of these dust particles have a direct 
relation to the density of a fog, determinations have been made 
of the number in the air of Leeds at different centres on the 
same day by the use of an ingenious apparatus devised by Mr. 
John Aitken, F.R.S., and known as “ Aitken’s dust counter.” 


Dust Particles in Leeds Air. 


Station No. Locality. Number per cubic inch. 
7 Woodhouse Moor (N.W. gine ‘ 530,000 
4-7 The University. . . . : 852,000 
4 Town HallSquare. . . «4 1,238,000 
2-4 Parish Churchyard. . : 3,638,000 
— Glasgow (N.W. wind, ition). . 3,736,000 


ee 
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An ingenious modification of Aitken’s dust counter has been 
devised by Dr. J. S. Owens to which the name jet dust counter 
has been given and is described in detail in the eighth annual 
report of the Advisory Committee on Atmospheric Pollution, 
1921-1922, p. 34. Although the apparatus is not so compact 
or convenient for manipulating and for counting dust particles, 
as the particles are deposited on a cover glass they can be 
removed and examined microscopically at leisure. In this 
way some curious observations have been made on the nature 
of these atmospheric particles, which are recorded in the 
ninth Annual Report, p. 40, e¢ seq. 

The actual number of dust particles found during fog on 
two occasions was a little over 20,000 per c.c., and the highest 
number recorded during very dense fog was 53,000 per c.c.! 
whilst the number on fine days was below 1000 per c.c. 
Aitken’s records for London are 48,000—150,000 and for Glasgow 
in a north-west wind 228,000. Our numbers by reference to 
the table will be seen to vary according to the proximity to 
the centre of the town from 32,400 on the outskirts to 222,000 
in the centre on a clear sunny day with a north-west wind. 
The number found in the laboratory of the University of Leeds 
during a busy day increased from 200,000 in the morning to 
400,000 towards the end of the afternoon. From these figures 
it would appear that Dr. Owens’ counter gives results which 
are much lower than those recorded by Aitken’s dust-counter. 
This has been attributed to the deposit of drops on electrically 
charged gases which would therefore be included among the 
solid particles. On the other hand, by the method of counting 
visible particles on a glass slip even under a powerful microscope 
ultra microscopic particles might well be overlooked. 

The formation of mist or fog is necessarily connected with 
fall of temperature, but this fall may have a different origin in 
different cases. One well-recognized cause of fog formation is 
cooling of the air near the ground by radiation at the surface ; 
but there is another and frequent cause, as one of us has shown,? 
namely, by contact of a descending flow from higher ground of 


1 Report of the Advisory Committee on Atmospheric Pollution, 


1922-23, p. 39. 
2 J. B. Cohen, “‘ One Cause of Mist Formation,” Quart. J. Roy. Met. 


Soc., vol. xxx, p. 211. 
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cool air coming in contact with a warm, saturated layer lying 
above a moist surface, and may be called, in contradistinction 
to “ radiation or cold-surface fog,” a “‘ contact fog.” Again, a 
fog formed in one locality may drift into another, and this form 
has been termed a ‘cloud fog.” To these three classes Mr. 
Lempfert, of the Meteorological Department, has added a 
fourth, or ‘“‘ smoke fog,” which is caused by an accumulation of 
products of combustion in the atmosphere of large towns in dry, 
calm weather, so as to produce the appearance of fog.t_ Accord- 
ing to this observer, the phenomenon known as “ high fog,” 
where the fog is confined to an area some distance above 
the level of the ground, can also occur under a variety of 
circumstances. 

Of the 39 fogs recorded in London from September 1, 1902, 
to March 31, 1903, 27 were radiation and contact fogs, 4 were 
cloud fogs, and 8 were smoke fogs, that is, 20 per cent. of 
London fogs were artificially induced and preventable. 

Without discussing at greater length the cause or character 
of fogs, let us turn to the effects of a town fog. 

Fog is usually accompanied by a high barometer, a calm 
atmosphere, and a fall of temperature. Under these conditions 
a film of water coats every little floating particle of dust, 
which, heavily weighted with its unwonted cloak of moisture, 
has its progress impeded, hangs or falls, but does not rise, and, 
in its turn, impedes the movement of the air. Stagnation of 
the atmosphere is produced, and there occurs an accumulation 
of products of combustion, namely, carbonic acid, sulphurous 
and sulphuric acid, and soot, which under ordinary conditions 
are to some extent dispersed. Our senses give us abundant 
evidence of soot and sulphurous acid. Our faces and clothes 
are soon begrimed, and eyes and throats suffer from the irritat- 
ing effects of the acid. The increase of carbonic acid in London 
air during fog has been determined by Dr. W. J. Russell,? who 
made frequent observations throughout the years 1882 and 
1883. Taking 3-5 parts per 100,000 as the maximum amount 

1 A very complete account of the character and frequency of London 
fogs is given by Mr. R. G. K. Lempfert, of the Meteorological Depart- 
ment (see Blue Book, 1904, No. 160, on London Fogs), and by Captain 
A. Carpenter, R.N., on London Fog Inquiry, 1903. 


* Monthly Weather Report of the Meteorological Office for April, 
1884. 


PLATE XI 


Fic. 1.—Somerset House: Quadrangle. 
Portland stone cornice, showing decay and sooty incrustation. 
(Photo taken May 13, 1920.) 
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Fic. 2.—Houses of Parliament: Cloisters. 
Caen stone plinth showing exfoliation and serious decay. 
(Photo taken May 10, 1920.) 
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of carbon dioxide in pure country air, the following results were 
recorded during mist and fog :— 


Date Mis = bare es Baro- | Direc- 
1882. Weather. 10 boo meter tion 
nee Wet Dry mm. of wind. 
bulb. bulb 
Jan. 17 | Dense black fog . . 6-7 — 10-0 786 S) 
teks i ry tes 5:7 — 4-0 786 Ss. 
» 19/|Slight whitefog . . 4:8 — 6-0 768 8. 
» 25|Dense black fog . . 10:5 — 3°5 780 8. 
Feb. 3|Slightfog... . 6-9 3-0 4-4 781 Ss 
» 4{|Denseblackfog . . 10-7 4-0 5:0 785 Ss. 
Mar. 15} Slight white fog . . 5-6 9-0 11:0 775 S.E. 
Oct. 26| Whitefog. . . . 9-9 0-6 7:7 750 W. 
Nov. 18| Dense black fog . . 9-6 2-2 2:7 760 | S.E. 
Dec. 1| Thick whitefog . . 5-5 1-6 2-2 | 765 8. 
Se papht mistals) ~ ys 5-1 1-1 1-6 766 S.E. 
» 10] Thick whitefog . . 9-4 0-5 1-1 755 S.W. 
ale | NS; >, (noon)| 11-0 0-0 0-5 755 S.W. 
ue LT ro ee »(5p.m.)} 14-1 0-0 0-5 755 | S.We 
», 14]| White fog, slight. . 6-2 4-4 4:4 755 S.E. 
2 15 a ae eke 5-4 5-0 6-1 753 S.E. 
3, 15 | Cverhead fog, white . 4:8 3:3 4-4 760 8.E. 
» 20| Dense black fog . . 8-1 4-4 4-7 767 8. 


“The largest amount of carbonic acid found was 14-1 parts ; 
this was on December 11, 1882, and was during a long-con- 
tinued fog. On referring to the table it will be seen that the 
fog had begun on the previous day, when there was a ‘ thick 
white fog,’ and the carbonic acid had then increased to 9-4 ; at 
noon on the llth there were 11-0 parts, and at 5 p.m. the 
carbonic acid had increased to 14-1 in 10,000 of air, that is, 
there was more than 34 times the normal amount present. 
Supposing, then, this had been an increase of only pure carbonic 
acid, such a change in composition of the:atmosphere would be 
felt by most people, but an accumulation of carbonic acid 
means, certainly, a very large accumulation of other bodies, 
which probably are more, rather than less, deleterious than 


carbonic acid itself.” 
This statement, which Dr. Russell has appended to his 
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observations, is entirely supported by the results of experiments 
on sulphurous acid found in town air during fog. 

Before, however, referring to the other and more deleterious 
accompaniments of fog, the following data of the amount of 
carbonic acid in the air obtained by Dr. Russell shows how 
rapidly the air assumes its normal condition when the fog 
clears :-— 


Vols. of CO, per 100,000 Vols. of CO, per 100,000 


1884. air during fog. after fog had cleared. 
October 26... 9-9 5-0 after 2 hours 
November 18 Pe ie 9-6 5:0) 550 cl ees 
December 1... 55 41 ,, 44 3, 
December 20. . . 8-1 O:2 Oe atl a ess 

1884. 

October Ela: ae ae 7-6 ash ay as a 
April DT) . . . 5:3 4-6 Pr 24 2° 


Fias. 15, 16.—Apparatus for estimating sulphurous acid in air. 


The apparatus for estimating sulphurous acid in air, which 
was devised by one of us in connection with experiments 
instituted in Manchester in 1891 on behalf of the “‘ Air Analysis 
Committee” of the Manchester Field Naturalists’ Society, 
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is shown in Figs. 15, 16. It consists of a long glass tube, 
A (about 4 inch in diameter, open at both ends), which is 
fixed horizontally so as to project into the open air and a 
glass tower B, about 30 inches high and 11 inches in diameter, 
open at the top and drawn out into a fine jet at the bottom. 
Two side tubes are fixed to the tower, one near the bottom 
and the other on the opposite side near the top. The tower 
is filled to within 1 inch of the upper side-piece with glass beads, 
and into the open top a tap-funnel is inserted through a 
tightly fitting cork. The lower side tube is attached to the 
horizontal tube ; the upper one, by means of a wide india- 
rubber tubing, to a combined meter and aspirator, C. This is 
an ordinary wet meter converted into an aspirator by attaching 
toothed wheels to the revolving drum, and driving the wheels 
by means of a wire cord passing over a pulley and carrying a 
weight. A series of dials register the volume to 7) pth of a 
cubic foot. The method of conducting the experiment is as 
follows: About 250 c.c. of a solution of hydrogen peroxide 
in water containing about 1 mgrm. of active oxygen in each 
c.c. is poured into the tap-funnel, from which it is allowed to 
drop on to the glass beads at the rate of about 1 drop a second. 
The liquid passes down and out at the constricted end of the 
tube and falls into a flask placed below. A drop of liquid 
permanently fills the jet and seals it effectually from the 
entrance of air from the interior of the room. After running 
through, the liquid is poured back into the funnel and passed 
through again. The weight being wound up, the volume 
indicated on the dial is read off and the drum set in motion. 
With a column of beads of about 20 ins. and a weight of 20 lbs., 
20 cubic feet can be aspirated in an hour. Once started the 
apparatus needs no further supervision until either the weight 
has reached the ground or the solution of hydrogen peroxide 
has run out of the funnel. The period required for this is 
readily determined, so that no time is lost in looking after the 
apparatus. 

The following tables contain the results of numerous obser- 
vations of the sulphurous acid in the air. The first gives the 
average amount of sulphurous acid in Manchester air during 
four months of 1892, and the second the amount in the out- 
skirts and centre of the town. 
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Sulphurous Acid in Manchester Air. 
Milligrams of SO, per 100 cubic feet. 


Month. Minimum. Maximum. Average. 
September  . . . . 0-7 3°5 1-2 
Octobersentucass ou, oe 0-7 6-0 ag 
November Sy ape a te 2-0 12-0 6-8 
December: "<2 s.<) tert. 3:0 30-0 6-10 


Milligrams of SO, per 100 cubic feet. 


Date. Outskirts. Centre. 
Septom era: s ivr salen coal reels aire 0-7 1-8 
October vl 4 yee cc at Coop sae eo eee 0:8 3°5 
November 5 Pir er cae a P| 8 1-7 4-9 

Pr 10 2-5 4-1 
*! 13 3:3 7-6 
é A Myf 2-0 5-9 
35 LL ec ee Betsee ocean 2-9 8-4 
os 22 gOS hae. Aes aaa 4-2 9-7 
+5 21 Ph OSs. eAs won Fs 9-3 15:7 
December 17 UP aa Smee te 2:3 9-2 
35 Qe Kog. ie Wace 16-5 32-2 
os 22) WO Rus sake ae ees 12-7 22-6 
3! Sgt HOG si.” a hike eee ms 12-7 25-8 


Thus we see that both carbonic acid and sulphurous acid, as 
might be anticipated, rapidly increase during fog. That the 
amount of soot increases part passu scarcely requires proof. 
The condition of one’s face and clothes and household fabrics 
during dense fog, and the black, slimy deposit which is seen to 
cover the ground after the air has cleared, are sufficient evidence 
of this accumulation. An attempt to estimate this deposit by 
collecting it on glass plates was frustrated by the fortunate 
absence of fogs in Leeds when the plate experiments were in 
progress (see p. 21). 

On January 27, 1909, there was, however, a dense fog, 
accompanied by a heavy deposit of hoar frost. A large amount 
of the latter was collected in the neighbourhood of station 5, 
melted, and analysed. To compare the amount of impurity 
with that of normal rain, the average composition of rain of the 


year, which fell at the same station, is given in the following 
table :— 
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Rain and Hoar Frost at Station 5 (Headingley). 


Parts per million. 


Z Sulphur. . Nitrogen. 
ze 3 : 
23 eI = 5 a 
a ie 8 
aS 3 as | as =a | as as 
28/8 | <4] 4 |so,.|so,. fo!) § |wu,.)N,0,. | lbu- 
minoid 


gece at 115} 15| 28 | 1-9} 22] 5-7/27-7| 7-3] 1-98] 0-196) 0-434 


Hoar 
oot 4620 | 158) 67 | 102-9] 148 | 41-0] 18-9) 94-6] 8-57/0-0 |1-618 


The hoar frost contained forty times as much soot as the 
average rain, and one hundred times the acidity. The photo- 
graph (shown in Plate II, Fig. 3), gives the appearance of 
(I) rain-water, (II) melted snow before the fog set in, 
(III) melted snow after the fog dispersed. 

There is another record of some interest which may be 
quoted here. “‘ During the last fortnight in February, 1891, 
the previously washed roofs of the glass-houses at Chelsea and 
Kew, the former just within and the latter just outside London, 
received a deposit from the fog amounting to 6 tons to the 
square mile,”’ 1 or eight times the average daily deposit in Leeds. 
This soot had the following composition :— 


Substance. Chelsea. Kew. 
Per cent. Per cent. 

CAPDOM ee mete ooh.s) he So SATS Ve 39-0 42-5 
RiVAtOCARDOnNS 4 6 «6 4 fe ays 12-3 4:8 
Organic bases... . « + + « 2-0 — 
BOIpRUNOISOKI i 2 ais te 4:3 4-0 
Hydrochloric acid. . . ..- . 1-4 0:8 
AimimMoniawe wep) ss Ss eee ee 1-4 1-1 
Mineral matter RE : 33:8 41°5 
Water (by difference). . - - - 5-8 5:3 


Even in a country district like Garforth, which is subject to 


1 Hon. R. Russell, London Fog and Smoke, 
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some atmospheric contamination from a neighbouring colliery 
as well as from the more distant smoke of Leeds, a considerable 
increase in the impurities occurs in time of fog. The following 
statistics have been selected from the analyses of Garforth rain 
during the winter of 1908-1909 on dates when fogs occurred, 
and for comparison the average impurities for the two years 
1907-1909 are given on the last line of the table. 


Influence of Fog—Analysis of Garforth Rain. 


Parts per million. 


Nitrogen 
Acid- 
Date. as |Total| Cl. | $0, | SO. a 
bu- 
NH,. {NOx | min- BED 
oid. 
1908. 
Oct. 21 . . . . {2-462} O | 0-865) 3-327) 1-33) 17-18) 7-79 | 15-80 
Nov. . . . . ~ |3:214) O | 0-276) 3-490] 6-14) 19-47) 6-64 | 7-97 
Dec. . . . . « |4:178} O | 1-236) 5-414] 11-12) 29-08) 6-64 | 41-37 
Dec. . . . . .« |2:472} O | 0-096) 2-568} 5-88) 16-26) 0-0 | 11-16 
1909. 
Jan. . . . . .« |1-:186) 0-528) 0-536) 2-250} 21-75) 10-66) 4:68 | 4-40 
Average 1907-09 =. _: | 1-10 | 0:33 |0-24 | 1-67 | 3-38) 11-43) 3-48 | 3-49 


Dr. Russell! has estimated the solid organic impurities in 
the air during fine, dull, and foggy weather in 1883 to 1885, 
and, although no experiments were made in dense fog, the 
results are sufficiently suggestive, the average amount in 1000 
cubic feet of air being as follows :— 

Grams per 1000 cubic 


feet of air. 
Fine weather'!;)). 1... 3° 3 2+ 4 2380-0085 
Dull a CP yh eg tt ee wee OO 
Foggy ,, Peg Sea ee ee ee Oa 


from which it is seen that with only slight fog the amount of soot 
increases seven times. If the ratio increases with that of the 


1 “On the Impurities in London Air,” The Monthly Weather Report 
of the Meteorological Office for August, 1885. 
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other products of combustion (carbonic and sulphurous acid), 
it would be four times as compared with the carbonic acid and 
fourteen times as compared with the sulphurous acid. It must 
be remembered, however, that these two products are gaseous 
and therefore diffuse, and moreover that the sulphurous acid 
is much more soluble in water than the carbonic acid, which will 
explain the larger increase of the former. That the increase in 
the amount of soot must necessarily be much greater than that 
of the sulphurous acid follows from the fact that being solid 
it cannot escape by diffusion. There is one other point to be 
considered. If we assume dust particles to form the solid 
nucleus upon which the moisture is precipitated, then it might 
be supposed, from the denseness of fog depending upon the 
number of these particles, that the fog must be thicker in the 
town than in the country. The very large number of these 
particles distributed everywhere, even over the sea, is, however, 
more than sufficient to produce the densest fog, and according 
to the Hon. Rollo Russell,! the dense fogs of towns cannot be 
ascribed to this cause. But each particle of water floating as 
fog becomes coated with a film of sooty tar. Evaporation is 
thus retarded, and a fog once formed is liable to persist longer 
than if these particles were composed of pure water. The 
black surface of each particle of water will lose heat more 
quickly than a correspondingly clean particle, and also help to 
retard its dispersion. Whether, as sometimes alleged, smoke 
may actually originate, as well as aggravate, a fog is still an 
open question; but the evidence seems on the whole to be 
opposed to this idea. ? 

The blackening of silver and copper articles, which is so 
noticeable during foggy weather in town, is due to a thin film 
of the black sulphide of the two metals ; but is not produced 
by either sulphurous or sulphuric acid. It may, however, be 
caused by sulphur disseminated as sulphide in the soot, or by 
hydrogen sulphide contained in the products of combustion of 
coal. In order to ascertain the amount of sulphur in soot, we 
have estimated the quantity in the various samples referred to 
on p. 7 with the following results :— 

1 London Fog and Smoke. London: P. 8S. King & Son. 1905. 


2 Dr, W. N. Shaw, Address on Fog, Coal Smoke Abatement Conference, 
1905. 
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Percentage of Sulphur in Soot. 


Base of Top of 
Source of sample, chimney. chimney. 

Soot from brass foundry . . 4 2:23 4-36 
North Grange Mount, study fue 8 2°32 — 
e kitchen . . 1-46 a 
The University. HYOPIACe ss 2-99 — 

DOUGT es es ee 2°76 2°84 

NWiastort Gardens, dining-room . . 2-18 2-45 


Pe kitchen . . . 2-20 — 


THE DISPERSAL OF SOOT 


It would be an interesting point to discover to what extent 
outlying districts participate in the atmospheric contamination 
produced in an industrial centre. It isan easy matter to detect 
the presence of soot at a distance of many miles from its origin, 
though the quantity falls away rapidly, and it will probably 
only be the finest particles which travel any distance. That 
such particles may travel as much as 60 miles is proved by 
the deposition of salt crystals observed by one of us in the 
neighbourhood of Leeds after a strong south-westerly gale. 
These salt crystals could only have been deposited from spray 
blown across from the Irish Channel. But there is another 
way in which soot is conveyed long distances, namely, by rain- 
clouds traversing an industrial area and absorbing, like fog, the 
solid and gaseous products of combustion. Where the cloud 
discharges a very visible fall of soot occurs. This phenomenon 
is not by any means uncommon. In the Lake District such 
deposits brought down by rain are frequently observed. A 
rain cloud charged with soot, when it breaks above a sheet 
of water, produces a characteristic chequered appearance on 
the surface, which is due to the tarry matter spreading out 
into patches. When the rain ceases these black greasy patches 
are blown shorewards and form a fringe of black scum (Plate 
XIII, Fig. 2). An examination of this scum clearly reveals 
its origin. The same thing has been noticed on snow on 
the hills of the district, especially when on the melting of the 
snow the black particles collect, leaving dark patches of soot 
on the grass. Putting the facts together, it may be safely 
inferred that nowhere, at least in the North of England, 
is the country free from atmospheric contamination from 


smoke. 
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THE PLANT AS AN INDEX OF SMOKE 
POLLUTION 


In the earlier chapters an account has been given of investiga- 
tions carried out as to the nature and extent of atmospheric 
pollution by coal smoke in and near an industrial town. These 
investigations were at first limited to the area within three 
miles’ radius of the centre of Leeds. Later, subsidized by a 
Government Grant from the Development Fund, they were 
extended to cover a wider area. 

The information thus obtained, as to the relative freedom or 
otherwise of the various districts from pollution by coal smoke, 
has been exceedingly valuable in studying not only the effects of 
that pollution on plant life, but also the ways in which the plant 
itself may be used as an index of the amount of that pollution. 

1. In the first place the General Type of Vegetation in the 
smoke infested areas is instructive in drawing broad conclusions 
as to the amount of smoke pollution. 

Certain plants have been found to be resistant, and others 
particularly susceptible to smoke damage ; and the presence or 
absence of some of these ‘‘ Test Plants ’’ is certainly suggestive. 

The evergreens, which have to withstand the winter smoke, 
are specially susceptible. Many of these in a smoke infested 
area are quickly killed; others first become deciduous and 
then finally disappear. Among the evergreens, the privet is 


particularly interesting, as can be seen from the notes sum- 
marized in the following table. 


Annual 
District. Deposit of Observations with regard 


Soot in tons to the Privet. 
per sq. mile. 


3 miles to the north of Leeds 29 Evergreen and flowers. 

2 miles to the north of Leeds 42 Evergreen, but does not 
flower. 

1 mile to the north of Leeds . 114 Few leaves only retained 
through the winter. 

Centre of city vio eas 243 Leaves fall in January. 

Industrial Leeds . . . . 539 


Leaves fall in November. 


aa nSeaanienetenemmemmmenenr ee ey 
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PLATE XIII 


Fic. 2.—Black fringe of soot on Coniston Lake; Lake District. 


PLATE XIV 


Adel. Weetwood. 


Headingley. University. Hunslet. 


Fre. 1.—Photographs of wheat and barley grown in different localities. 


Adel. Weetwood. Headingley. University. Hunslet. 


Fic. 2.—Photographs of oats grown in different localities. 
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In Park Square, near the centre of the city, the laurel, 
aucuba, and rhododendron are deciduous; while in Hunslet, 
the heart of industrial Leeds, even the box becomes deciduous, 
and the laurel is killed off in about two years. 

Of the evergreens, the most susceptible are the conifers. 
These trees are Xerophytic ; their natural habitat is in a pure 
atmosphere at a high altitude, where the winds are high and 
the barometic pressure low, and where consequently evapora- 
tion from the leaf surface will be great. The soil, however, 
will be shallow and the roots none too plentifully supplied 
with moisture ; hence there will be a constant necessity to 
husband the water supply as far as possible. This end has 
been effected in the evolution of the plant by the development 
of small leaf surface, and sunk stomata. Both of these char- 
acteristics, while useful in the natural habitat of the conifers, 
prove their undoing in a smoke-infested area. Conifers planted 
in Hunslet we have seen killed off in less than three months. 
Twelve years ago, more than twenty conifers were planted in 
the grounds of the Leeds University, one mile north from the 
centre of the city. At the end of three years not one was alive. 
The only two localities in Leeds in which conifers attain even 
a moderate growth are Roundhay and Weetwood, which the 
earlier investigations showed to possess the least smoke infested 
atmosphere. It is doubtful if they would ever do well in any 
district where the annual deposit of soot amounts to more 
than 50 tons per square mile. 

Plants whose leaves are possessed of a crinkled hairy surface, 
thus easily catching the soot, and of a thin cuticle readily 
damaged by the acid rain, are also particularly sensitive to 
smoke pollution. On the other hand, those possessing a hard 
smooth leathery type of leaf with thick epidermis, like many 
of the alpines, pinks, carnations, auriculas, London pride and 
iris, are particularly resistant. Thus the primrose does badly 
in Hunslet, makes little or no growth, rarely flowers and never 
lives through more than one winter ; while the auricula is 
as hardy as possible, and not only lives but thrives, grows and 
spreads. One border five yards long, which last spring was 
a mass of bloom, is the result of five years’ propagation 
from four small plants. The geranium can be grown in a 
smoke infested area, but the calceolaria is always a failure. 
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Perhaps no plant of this type gives a better index of the 
amount of smoke pollution than the hollyhock. Six years 
ago eight hollyhocks (all propagated from the same parent 
plant) were planted in tubs containing soil taken from the same 
field of the Experimental Farm of the University of Leeds 
and the Yorkshire Council for Agricultural Education. The 
tubs were then placed, two at each station, in four different 
parts of Leeds. At only one station, that furthest north, did 
they flower the first year. In the second year more than eight 
feet of growth was made at Adel, three miles to the north, while 
in the industrial area of Hunslet one plant only survived, a 
wizened flowerless specimen, nine inches high. 

Plants which have to “lay up a store for another year ” 
tell their own tale of smoke pollution. Heavily handicapped 
in their growth by the effects of these atmospheric impurities, 
they have little chance of laying up reserves. This is noticed 
both in the case of the bulbous and seed-bearing plants. 
Radishes will grow in Hunslet, but they will run to leaf and 
will not form bulbs. Tulips, narcissi, daffodils, scillas and 
hyacinths can be grown there and they will flower one year, 
but if a second year’s bloom is desired, the bulbs must be 
replaced. Wheat, oats and barley can be grown in Hunslet 
and you will get plants, but the grain, as can be seen from Plate 
XIV, Figs. 1 and 2, will not be worth the harvesting. 

You may grow lettuces and cabbages in Hunslet, but you 
must not expect them to heart. 

A casual glance at the hedgerows will give some guide as to 
the extent of smoke pollution in any particular area, for the 
hawthorn is one of the smoke-sensitive plants and one of the 
first to go under. 

Notice the flora of the lawns and fields of any particular 
district. In a smoke infested area, the leguminous plants, 
the clovers and vetches, will be conspicuous mainly by their 
absence. The finer grasses, particularly the fescues, will be 
missing. Coarse growing grasses like bent, couch and Yorkshire 
fog will be in the ascendant, and acid-loving plants like dock, 
sorrel and plantain will abound. If a lawn is required in the 
industrial area of Leeds it must be sown down each year. 

In the Hunslet parish churchyard, surrounded on all sides 
by huge chimneys belching out smoke, even bent and the hardy 
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poa annua have been killed, and the only sign of vegetation is 
to be found in a few blades of twitch still struggling for exist- 
ence. The garden of a large residential house left stranded 
close to the church is a pitiable sight. Its only flower is the 
iris, which still blooms freely, its only shrub or tree is the 
elder ; its only fruit or vegetable is the rhubarb ; and its only 
grass is twitch. 

Though apparently the elder will grow anywhere, no matter 
how great the pollution from coal smoke, it can still give some 
indication as to the amount of that pollution. Though it will 
grow in the industrial area of Hunslet, it will not flower. 
Though it will flower in the residential area of Headingley, 
two miles from the centre of Leeds, it will not fruit. Ap- 
parently it will not flower in localities where the annual 
deposit of soot is greater than 200 tons per square mile, nor 
will it fruit if the annual deposit is greater than 50 tons per 
square mile. 

Evidently “‘The General Type of Vegetation” in any 
particular district will give some information as to the amount 
of pollution by coal smoke within the area. 

2. The General Appearance of Individual Plants is also 
worthy of attention. 

No one coming into Leeds by the Great Northern Railway 
and looking out of the carriage window near Ardsley station 
could doubt the fact that he was entering a smoke infested 
area; for here almost every tree and every hedge has been 
killed. In the woods of Middleton and Templenewsam the 
trees are toa great extent an index of the smoke pollution from 
colliery, coke oven and brickworks. Here many of the trees, 
particularly the ash, oak, elm and beech have been absolutely 
killed, most of them dying from the top. The main drift of 
the smoke from the industrial area of Hunslet can be easily 
traced almost to Garforth by the line of dead and dying trees. 

Signs of smoke damage to trees can be discerned quite early 
in the year, in the appearance of the young shoots and buds, 
many of which are killed off before opening. 

The leaf perhaps is the safest index. Before May is out, 
many leaves in smoky districts are showing characteristic 
brown blotches. In the case of leaves possessing a thin 
epidermis like the lime and sycamore, the signs of smoke 

G 


82 SMOKE: A STUDY OF TOWN AIR 


damage are seen all over the leaf, wherever the acid rain drops. 
(Plate III, Figs. 4 and 5.) 

In the case of the ribes, the leaves of which possess a harder 
cuticle and have a tendency to offer a convex surface, the 
damage is shown by a red rim all round the edge (Plate ITI, 
Fig. 3). In the case of leaves like those of the laurel and 
aucuba, which possess a hard cuticle and have a tendency to 
hang downwards, the damage is shown first at the tip of the 
leaf. Reference has already been made to the fact that 
evidence as to the amount of smoke pollution can also be 
obtained by the appearance of trees in the autumn ; the greater 
the pollution the earlier the “leaf fall.” Ash trees in the purer 
parts of Leeds often retain their leaves six or eight weeks 
longer than those in the more contaminated districts. Thus 
in Hunslet, with an annual solid deposit of 539 tons per square 
mile, all the ash trees which remained alive had shed their 
leaves before the 18th of September, 1911, while at Roundhay, 
with an annual solid deposit of 26 tons per square mile and no 
measurable acid deposit, practically all were in full leaf up to 
the beginning of November. Photographic illustrations of 
these will be found on Plate V. 

Evidence of smoke pollution is available at any time in the 
stunted growth of trees and shrubs, particularly of evergreens. 
The following particulars with reference to the maximum growth 
of aucubas in different parts of Leeds are striking. Differences 
of the same order have been found in the case of the rhododen- 
dron and laurel. 


Annual Deposit in tons 


per square mile. 
Maximum 


District. Suaiten, height of 
aS anae Vs atonier' Total Sulphur /Aucuba found 
Solid Compounds | in district. 
Deposit. Poker 

: Hp tens 
Weetwood Lane . | 3 miles north 10 6 
Headingley . . | 2 miles north hoe 
University . . | 1 mile north 5 8 
Park Square . . | Centre of city 3 2 
Hunslet . . . | Industrial area 2 0 


THE PLANT AND SMOKE POLLUTION 83 


Even the colour of the flowers in the gardens and woods will 
give some indication of the amount of smoke pollution. As a 
general rule the greater the pollution the paler the tint, and the 
more blues and reds will tend to run to white, and the bronzes 
to yellow. Intensely coloured flowers will show patches, the 
scarlet of the geranium in a smoke infested district will be 
streaked with purple running to blue, and even to white. The 
blood-red wallflower will be broadly streaked with yellow and 
in a year or two most of the red will have disappeared. 

Certainly the colour of the leaves will be more than suggestive, 
and signs of smoke pollution are to be found in the black deposit 
of soot and tar upon the leaf, and the absence of autumn tints. 

3. Though, as has been seen, the General Type of Vegetation 
in a district and the General Appearance of Individual Plants 
will give much information as to the amount of smoke pollution 
in that district, most can be learnt by the Detailed Analysis 
of the plant. We may notice in a general way that the leaves 
of plants grown in the town are dirty. This can be readily 
seen from the photographs on Plate III of the holly and aucuba 
leaves grown in industrial Leeds. We can, however, get a 
better idea of their relative cleanliness or otherwise, by 
actually estimating the amount of solid deposit upon a unit 
area of these leaves. This has been done in the case of a large 
variety of leaves, and the deposit thus found can easily be 
correlated with the known amount of smoke pollution in the 
district in which they have been grown. 

The figures given are those found in the case of laurel leaves 
grown in the districts indicated. 


Deposit on Leaf 


ee Annual Deposit of Soot expressed in mgms. 

sich in tons per dase mile. per square metre 
of leaf. 

Sutton.-. . . . .|In the country free 

from smoke pollution 0 
Weetwood Lane. . . 42 158 
University So aah 2 114 718 
IPRUISIOEE we Pe a Be Bh 539 1620 


A microscopic examination of the leaf will reveal the fact 
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that when the plants have been grown in the smoke polluted 
atmosphere more or less of the stomatal openings will be 
choked with a tarry deposit. This will be particularly notice- 
able in the case of evergreens, and most especially in the case 
of the conifers. The leaves from a juniper grown at Garforth, 
six miles from Leeds, but well in the drift of the smoke from 
Hunslet, were examined by Mr. Hector, Lecturer in Agricultural 
Botany, and he reported that 75 per cent. of the stomatal 
openings were more or less choked in this way. 

We may notice in a general way that flowers grown in a 
smoke polluted atmosphere lose their brightness of tint ; but it 
is possible by means of the tintometer to get an accurate measure 
of their colour. We are indebted to Mr. Frank, of the Dyeing 
Department of the University of Leeds, for the trouble he has 
taken in analysing by means of Lovibond’s tintometer the 
colours of a large number of flowers. These flowers have been 
grown in each case from plants propagated at the Stapleton 
Gardens, Pontefract, from the same parent plant, by Mr. Dob- 
son, an old student of the Agricultural Department of the 
Leeds University, whose assistance in this and many other 
respects has been invaluable. Three sets of readings are 
given. 

The first one shows the tendency of all bronze flowers in a 
smoke infested district to run to yellow; the second shows 
the cutting down of the red and blue tints; and the third illus- 
trates the fact that the longer a plant remains in a smoky 
atmosphere the more it loses the power of producing colour ; 
evidently it is not simply a case of mere bleaching but a radical 
change in the constitution of the plant. 


Blood-red Wallflowers, June 13th, 1914. 


Direct Tintometer Readings. 


District. Annual 
Deposit. Total 
Red. Blue. Yellow. Colour 
; Units. 
Weetwood Lane. . 42 36:5 7:0 4 47-5 
University seek 114 22-5 2-5 9 34:0 
Hunslet" 4.) Go kek 539 13-0 1-1 9 23-1 
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Pyrethum, June 28th, 1914. 


Direct Tintometer Readings. 


District. Annual 
Deposit. Total 
Red. Blue. Yellow. Colour 
Units. 
Weetwood Lane. . 42 38-6 3°8 f) 42-4 
University. . . . 114 30-0 2:8 0 32:8 
sieistee en Sd. 5 539 26-0 1-5 0 27°5 


Lupins, June 18th, 1918. 


| Direct Tintometer Readings. 


District. Growth. 
Total 
Red. Blue. Yellow. Colour 
Readings. 
Hungiet— . .. .:''..'| 1-year 10-0 10-2 0 20-2 
Hunslet...) 3 . }2 ‘years 7-6 5-0 0 12-6 
Hunslet... . «. |3 years 4:4 3-2 0 76 


We may notice casually the fact that smoke pollution means 
stunted growth, but we may get a measure both in the labora- 
tory and in situ of the growth of plants, where the conditions 
other than atmospheric conditions are the same; and the. 
relative growth will be found to be roughly inversely propor- 
tional to the smoke pollution. In the laboratory the relative 
growth has been measured by estimating the amount of carbon 
dioxide assimilated by a unit area of leaf in a unit of time. 
The following results refer to experiments—described in detail 
on page 26—made with laurel leaves of the current year’s 
growth taken from shrubs grown in the districts mentioned. 


Annual Deposit Relative assimilation of 
in tons per CO, per unit area of leaf 
square mile. in unit of time. 

Weetwood Lane. . . 42 100 
Headingley ... . 78 53 
Clarendon Road. . . 200 15 


Park Square;.. .-—». « 243 12 
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In situ the relative growth of plants in different districts 
has been compared, by filling large wooden buckets with soil 
taken from the same field in the country, sinking the buckets 
in gardens in different parts of the town, where the amount of 
smoke pollution has previously been determined ; using the 
soil for growing a succession of crops each successive year and 
carefully weighing the produce. In selecting the various 
stations care was taken that the altitude, exposure and 
all conditions other than atmospheric smoke pollution 
should be as nearly as possible identical. Apart from a few 
slight irregularities the results indicate a fairly close correlation 
between the relative degree of purity of the atmosphere in the 
neighbourhood of the station, as determined from earlier 
observations, and the actual amount of plant growth obtainable. 


Relative Relative Weight of Crop. 
; purity of 
: air as meas- 
Station. ured by free-| lst Crop, | 2nd Crop, | 3rd Crop, | 4th Crop, 
dom from | Radishes,| Lettuce, | Cabbage, |Wallflower 
Sulphur. 1911. 1912. 1913. 14. 
Weetwood . . . 100 100 100 100 100 
Headingley. . . 70 90 86 122 32 
University .. . 55 60 74 89 6 
Park Square. . 37 49 40 37 2 
UNSOti ee wn eoss ho 34 46 31 15 3 


An examination of the roots of plants will give some indica- 
tion of the amount of smoke pollution ; plants grown in soil 
that has been for long exposed to such pollution being marked 
by an almost entire absence of root hairs and fibrous hairs. 
The differences in the root development of the wallflowers 
grown in soil which has been exposed to various districts 
four years were most marked (Plate VI, Fig. 1). Oats and 
barley were the following year grown in the same districts in 
the native soils and the differences in root development were 
still more marked. 

The examination of a felled tree, as can be seen from Plate 
XIII, Fig. 1, will often give valuable information as to the purity 
of the atmosphere in which it was grown. A chemical analysis 
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of the plant will give exceedingly useful information as to the 
amount of smoke pollution in the district in which it was 
grown. In this connection the analyses given on page 29, 
of the deposits on aucuba leaves carried out by the Air Analysis 
Committee of the Field Naturalists’ Society of Manchester in 
the winter of 1890-91, are of interest. 

It will be seen that the central localities show the largest 
deposits of soot and acid; the sulphuric acid there forming 
from 6 to 9 per cent., and the hydrochloric acid from 5 to 7 
per cent. of the total deposit. But these impurities due to 
smoke pollution get not only on the leaf but in it. It has 
already been seen that the stomata of leaves may be choked 
by a tarry deposit. The leaf may also absorb sulphur dioxide 
from the atmosphere partly through its stomata and partly 
in the case of some leaves possess a thin cuticle directly through 
the epidermis. Hence the sulphur content of leaves will give, 
perhaps, one of the best indications of the amount of smoke 
pollution. 

A very large number of leaves from different districts have 
been analysed in this way, the figures quoted are those con- 
nected with the laurel leaves referred to on p. 27 which were 
collected on February 15th, 1913. 


‘ gence 
epee Annual Deposit of Soot in in dry 
sig! i eee pcs square mile. matter of 
Leaf. 
Sutton . . . . .-  . | Free from smoke pollution 0:31 
Weetwood Lane .. . 42 0-66 
Wniversity «. « % - => 114 1-28 
PAUSICU Maa st) 539 1:98 


If this method is used for a comparison of the relative 
freedom from pollution of different districts, two or three points 
must be borne in mind. The leaves must be taken from the 
same variety of trees or shrubs, for different types of leaves will 
absorb sulphur dioxide at different rates and hence possess 
different proportions of SO;. They must also be collected at 
the same time, for the sulphur dioxide of leaves will increase 
with age. The total sulphur content expressed as SO; of syca- 
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more leaves grown in Meanwood and analysed by Steuart was 
0-48 per cent. in May and 0-75 in August. 

The sulphur present in the plant will be partly protein and 
partly non-protein; and leaves grown in a smoke infested 
area will not only contain a large amount of sulphur but that 
sulphur will be present principally in non-protein forms, mainly 
sulphates. The following analyses of elder leaves collected in 
June, 1913, at the stations mentioned illustrate this point. 


Percentage of SO, in 


Yearly De- dry matter. Ratio. 

Station. pact at a ¢ 

i ; on- 

square mile. | Protein. Protas Total. | protein. Protein. 
Sutton... . = 4 about 8 0-21 0:07 0-28 300 : 100 
Weetwood Lane 28 0:20 0-13 0-33 154 : 100 
Woodhouse Moor 38 0:19 0-18 0:37 105 : 100 
Hunslet sw | +< 96 0-11 0:48 0-59 23 : 100 


In the autumn of 1919the Department of Agriculture of the 
University of Leeds was asked to investigate a bad case of smoke 
damage to a growing crop of four acres of potatoes. An 
estimate of the cost of growing and harvesting the crop, drawn 
up from the details of cultivation supplied by the owner, was 
£98 18s. 0d. In return for this outlay of nearly £100, two 
tons of marketable ware were lifted and sold for £18 18s. 0d., 
and approximately a ton and a half of small potatoes were fed 
to the pigs. This would mean that the actual loss in out-of- 
pocket expenses incurred by the grower could not possibly be 
less than £70 and most probably would be nearer £80. The 
haulms of potatoes all showed marked signs of smoke damage, 
even to the eye. A chemical examination of these showed 
them to possess an abnormally high sulphur content, and a 
very low ratio of protein to non-protein sulphur. The total 
percentage of SO; present in the dry matter of the leaves was 
as high as 0-72 per cent., of which only 0-21 per cent, represented 
protein sulphur, and 0-51 per cent. represented non-protein 
sulphur. 


A chemical analysis of plants grown in smoke infested areas 
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will also show that they contain proportions of arsenic increas- 
ing with the amount of smoke pollution. 

A bacteriological examination of soils in smoke polluted 
districts will also in many cases supply information which will 
be of service in determining the amount of that pollution. The 
acidity of the smoke will deplete the soil of its calcium carbonate 
and in so doing will modify to a large extent the number and 
activity of the soil flora. The greater the acidity of the soil 
the smaller the number of bacteria present in the soil, and the 
less their activity ; the nitrifying organisms being found to be 
the most susceptible. 


| Nitri- 


Putre- |Nitrogen 
fying | factive | fixing 
organ- | organ- | organ 

Annual isms isms isms. 

Deposit | Calcium aes No. . : 

District. in tons of | carbonate |°! Dacteria 

SO3 per | in soil. aiden Ammo-| Am- | y, 

sq. mile. 1 Pa eS CE 3 eee 
verted | produced|"*°* P A 

into from gram 2 

nitrates. | peptone. mann 


Per cent. |Thousands 


Weetwood Lane 28 0-30 1,536 105 26 
Headingley : 33 0-26 1,236 88 21 
University . . 38 0-19 1,054 78 19 
Park Square . 56 0-17 876 67 18 
Hunslet 0-12 798 


The above Table gives the results of bacteriological examina- 
tion of the soil taken from Garforth and exposed for three years 
in the districts mentioned. 

These results indicate clearly that the detrimental effect of 
the smoky atmosphere upon plant growth is partly due to 
unfavourable changes in soil—such as the steady depletion of 
the stock of calcium carbonate, and the inhibition of the 
activities of the nitrogen-adapting soil flora. 

We may notice that plants grown in a smoke polluted atmo- 
sphere lose their vitality ; but it is possible in a large number 
of ways to get a measure of that loss of vitality and to use the 
information thus obtained to gauge the amount of smoke 
pollution in different districts. 
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This loss of vitality will be shown in a diminution of the 
reproductive powers of the plant, whether propagated from 
seed or from cuttings. 

(a) The following table gives the germination capacity of 
oats grown in 1913 at the stations indicated. 


; Annual Deposit in Germination 
Station. tons per square mile.| Capacity (10 days). 
Per cent. 
INGO Me th eas Poke eager 29 98 
HMoadingléy. 2) © ..5 ar-) mene 78 92 
Wniversitys. 6.) 0 ae aeeetes 114 64 
‘Hunslet, 8s) pee 539 Ly 


(6) 100 viola cuttings taken from plants grown in Roundhay 
(annual deposit 26 tons per square mile) were struck in Hunslet 
and 98 per cent. grew. 

100 viola cuttings taken from plants grown in Hunslet were 
struck in Hunslet but not a single cutting grew. 

It is shown in the smallness and lack of weight of seeds of plants 
grown in a smoke infested area. 


Weight of 100 Corns of Barley grown from Same Seed. 


Annual Deposit in Weight of 
Where Grown. tons per square mile. 100 corns. 


Gms. 
Easingwold . . . . . | Free from smoke pollution 4-85 
POOLS Shr vom y ORNL vig Aah va 29 4-81 
Headingley (.0 a) sw 4 78 4-35 
RIDIVECRGY) oheg eS ws 114 2-27 
eure “Serer ss’ 2) 539 1-16 


———— 


It is shown not only in the diminution of the germination 
capacity, but also in the diminution of the Germination Energy. 

It is shown in the inability of the plant to put up a fight against 
adverse conditions, as, for example, the winter frosts. To test 
this point nine cabbage plants were planted out in the autumn 
of 1913 at the five stations mentioned. 
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Annual 
4 Deposit fs 
Station. 7 ee per Observations. 


square mile. 


Weetwood Lane 42 8 out of 9 survived the winter. 

Headingley. . 78 2 out of 9 survived the winter. 

University .. 114 6 dead by Christmas. Frost in Febru- 
ary killed the rest. 

Park Square. 243 All dead by middle of November. 

Hunslet ate 539 All dead before end of October. 


Where the total annual smoke deposit exceeds 100 tons per 
square mile, it is dangerous to adopt autumn planting either 
of wallflowers, cabbages or spinach. Where that deposit 
exceeds 200 tons per square mile it is absolutely fatal. More 
than 100 wallflowers were planted out in Hunslet in September 
and not one stood the winter. They can be grown in smoke 
polluted districts but they must be planted out in the spring. 

The loss of vitality is shown perhaps more noticeably in the 
inhibition of the activity of the various enzymes or ferments 
which assist in the chemical processes taking place in the plant. 
The figures given in the following table refer to laurel leaves 
collected in February, 1913, and illustrate the way in which 
the activity of the various enzymes is influenced by smoke 
pollution. 


ey Annual Deposit in Tons Oxidase | Catalase | Emulsin 
District. per sq. mile. Activity.| Activity.) Activity. 


Sutton . .  . | Free from smoke pollution 
Weetwood Lane 42 
University . . 114 
Hunslet. . . 539 


The relative lipase activity in the oat grain grown in 1915 
in the districts mentioned was measured by allowing the 
enzymes present in the grain to hydrolize an ethereal salt like 
ethyl butyrate or ethyl acetate and observing the amounts of 
acid liberated by titration against N/10 NaOH. The results 
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show that the activity of this enzyme as well as that of the 
others previously mentioned is inhibited by smoke pollution. 


Effects of Smoke Pollution on Activity of Lipase of Oat Grain. 


Relative 
activity of 
District. lipase. 
Adel : : : : r ; 100 
Weetwood Lane : . : P s 75 
Headingley : : . : : : 66 
University X A - : = 54 


Hunslet . dé 3 2 6 2 ‘ 42 


APPENDIX A 
The Influence of Coal-smoke upon Health 


By Dr. AscHErR, District MrepicaL OFFICER FoR Hamm, 
WESTPHALIA. 


On account of the low death-rate from tuberculosis amongst 
coal-miners, it was believed that coal-dust, smoke, and soot were 
beneficial to health. The following, Table I, shows that this view 
is incorrect :— 


Fifty-fifth Annual Report of the Registrar-General of the United 


Kingdom. 
TABLE I. 
ee 
Death rate per 10,000. 
T, N.T. 
Labourers in agricultural districts . . . 18-8 18-6 
onl -TIMers ee a ese ve ene de: | 14-0 32-6 
Chimney sweeps and soot merchants . . . 37-1 43-1 
Coal heavers A ee eT dae ee 29-7 65-6 


T =death rate from tuberculosis. 
NT = death rate from lung diseases which are non-tubercular. 


Whilst the death-rate from tuberculosis is only small amongst 
coal-miners, it is not so among others working in coal-dust, smoke 
and soot. The reason is that coal-miners are a hardy race, living 
in good social conditions. More important is the fact that the 
death-rate from non-tubercular lung diseases is higher than among 
workmen living in the country. The same is the case in 


Germany. 
93 
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Tasxe II. 
a N.T. 
Workmen in Prussia, 15-60 years . . .- 28-8 16-5 
Coal-miners in the Ruhr district . . . . 13-1 39-2 


Here again the low death-rate from tuberculosis among the 
coal-miners is due to the fact that they are very robust and earn 
high wages. The high death-rate from non-tubercular lung 
disease is again very striking. According to Russell the following 
number of persons per 100,000 died in and near Glasgow in 1880 :— 


TaBLe ITI. 
Contagi L Other 

oneal ewsacd, Pecan Total. 
Rural districte a). ue ate 289 354 996 1639 
City of Glasgow. . apie: 773 1024 1232 3029 
Thinly populated part of Glas- ‘ 
gow, 36 persons per acre. . 450 600 870 1920 

Densely populated part of Glas- 
gow, 512 persons per acre . 1020 1860 1600 4480 


The death-rate in different parts of Manchester per 100,000 for 
the year ending the third quarter of 1891 was as follows :— 


Tasue IV. 
Contagious} L Oth 
peas E fist discanta: Total. 
Thinly populated part . . . 241 534 954 1729 
AMsiKelidhe 5 »» (Ancoats) 510 1544 1798 3752 


_ The death rate per 100,000 for the year ending the fourth quarter 
of 1892 was :— 


Contagious Lung Other 


diseases. | diseases. | diseases, | Total. 
Thinly populated part write. 175 429 904 1508 
Thickly 3 » (Ancoats) 455 1166 1630 3251 
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“In the above (Tables III. and IV.) phthisis is included among 
the ‘lung diseases’; otherwise the difference would have been 
much greater.” 

The higher death-rate from lung diseases in the more densely 
inhabited parts of the town cannot, therefore, be ascribed to more 
frequent contagion. 

Still more marked is the contrast between acute lung diseases 
and contagious diseases among those who are most subject to them, 
namely, children under 1 year. \ 


TABLE V. 


1876-1901. 


Death-rate per 1,000 under one year. 


Scarlet fever, measles, 
German measles, diph- 


: NT. theria and croup. 
In six rural districts of Prussia . ; 4:3 29°8 
In six industrial districts of Rhineland. 12:6 5-2 


Table V. proves that the higher death-rate from non-tubercular 
lung diseases in the Rhenish districts is not due to worse economical 
conditions or a more unfavourable climate ; for the six districts of 
East Prussia (Fischausen, Kénigsberg, Labiau, Goldap, Lyck, and 
Oletzko) have a considerably poorer population than the six 
industrial districts of Rhineland (Miihlheim, Ruhr, Essen, Diissel- 
dorf, Crefeld, Aachen, and Saarbriicken). The former have also a 
longer and harder winter, and a climate subject to great variations 
of temperature, whilst the six Rhenish districts have a mild and 
even temperature. Again, in the administrative area of Arnsberg, 
in Prussia, where there are large industrial centres, the following 
comparison has been made :— 


TABLE VI. 
1898-1907. Death rate per 10,000. 


Non-industrial area. Industrial area. 
| NT. TT NT. eS 
Amsberg . .| 28-19 23:59 | Dortmond . | 36-88 14:99 
Meschede . . 26:99 27-35 | Bochum. . 35:89 13-78 
Brilons cet oi 24-50 29-36 | Gelsenkirchen | 37-35 15-20 


ee a RE a REE EN og nn one Eat amece oy» eee ee oe 
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The three industrial districts are wealthier, and therefore have 
a lower death-rate from tuberculosis,.but they also have a smokier 
atmosphere, and therefore a higher death-rate from non-tubercular 
lung diseases. 

Finally, we will compare two equally large towns which are 
situated at no great distance from one another in the industrial 
district of Westphalia, which are built in the same style, and 
differ only in the amount of coal-smoke in the air, namely, Hamm 
and Gelsenkirchen. Hamm, being situated on the east fringe, 
receives coal-smoke only from the west; Gelsenkirchen, being in 
the centre, has an atmosphere constantly charged with smoke. 


TABLE VII. 
1900-1902. Death-rate per 10,000. 


Hamm (east border). | Gelsenkirchen (centre). 


Classified according to age. 32,435 pop. 37,834 pop. 

30:6 NT. 57-4 NT. 
Q=lS years <2 “s)  . os 228-9 258-9 
1-5 aS A rece ae 57-1 131-1 
5-10 ,, See ete errs 6-5 17-3 
10-15 _ ,, fied th seeeind 1:8 2-6 
15-60 _ ,, OP ee oe 10-7 34-7 
60 and over SS ae 140-4 210-2 


We see from this table that coal-smoke increases the death- 
rate from acute non-tubercular lung diseases in all stages of life. 
This is also the reason why the death-rate from such diseases is 
higher in Rhenish Westphalia and in Upper Silesia, as seen from 
the following Table VIII :— 


Tasie VIII. 
1905-1909. 
Death-rate 
per 10,000. 
Death-rate from acute lung diseases in all German towns 
with 15,000 population or more. . - 24:0 
In equally large towns of Rhenish Westphalian industaal 
area. . Sate oe BLEED 
In the aidinetrial divtrictn ef Upper Silesia 6 aoe Oo OSO 


_Asimilar result is found in England if the urban and rural districts 
are compared. 
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TABLE IX, 
Urban Registration Counties. Rural Registration Counties. 
Death-rate Death-rate 
per 10,000. per 10,000. 

Glamorgan - 27 1903-04 | Buckingham - 16 1902-04 
Lancaster - 29 1902-04 | Cambridge 19 56 
London . 24 = Cornwall 20 zs 
Middlesex eto - Hereford 18 a8 
Monmouth = 2 + Huntingdon 16 i 
Northumberland 25 - Lincoln . . 19 # 
Nottingham 27 - North Wales — = 
Stafford 25 = Norfolk . 19 a3 
Warwick 23 “ Oxford 1 By ~ 
East Riding 24 as Rutland . 22 = 
West Riding 20 9% Somersetshire LE ds 
ee Westmorland eS | > 
Average 26:5 Suffolk 16 by. 
Wilts 17 7 

17:5 


Taking the results of Tables I to IX, there can be little doubt 
that coal-dust, smoke, and soot increase the death-rate from acute 
lung diseases. 


APPENDIX B 


Analyses and Manurial Value of Soot 


TuE dried sample of soot was first extracted with ether in a Soxhlet 
extractor, the ether soluble material being looked upon as tar. 

Carbon and hydrogen were then estimated in the ether insolu- 
ble residue by the ordinary combustion method, taking the pre- 
cautions necessary for substances containing nitrogen, halogens,! 
and sulphur. 

The incombustible matter left over from this operation was 
regarded as ash. 

Nitrogen was determined in the dry sample by the Kjeldahl- 
Gunning method. 

In the estimation of sulphur, the original dry soot was fused 
in a platinum crucible, over asbestos, with its own weight of pure 
calcined magnesia, and half its weight of dry sodium carbonate. 
When the organic matter was completely burnt, the residue was 
taken up with distilled water and hydrochloric acid, oxidized with 
bromine water, and the sulphates, thus formed, precipitated from 
the boiling solution with barium chloride in the ordinary way. 

The acidity was determined by shaking with distilled water for 
half an hour in a shaking machine, filtering under pressure, and 
titrating the clear filtrate against standard alkali, using congo red 
as indicator. 

Chlorine was estimated by extracting with water, as in the 
case of “acidity,” exactly neutralizing with caustic soda, and 
titrating against standard silver nitrate. 


2 See Cohen, Practical Organic Chemistry, pp. 10 and 11. 


98 


APPENDIX B 99 


Analyses of Domestic Soot from Winston Gardens. 


Dining-room. 
Original |Kitchen 


coal. soot. 

0-5 ft. | 5-10 ft. |10—-15 ft.|15-20 ft.|20-25 ft.|25-30 ft.|30-35 ft. 
Carbon . . . | 76-80 | 52-34 | 36-45 | 35-13 | 38-58 | 34-14 | 34-60 | 36-27 | 37-2 
Hydrogen . .| 4-90| 3-68] 3-51] 3-48] 3-59| 3-47| 3-72] 3-57] 3-5 
Nitrogen. . ./| 1-72) 4-11| 6:89] 7:07] 5-48] 6-04] 6:02] 5:46] 5-05 
Ash 1-80 | 17-80} 5-09) 5-52) 4:16] 4:97] 4-45] 4-36| 4-94 
Tar(Ether extract) 0-88 | 12-46 | 34-87 | 38-11 | 34-91 | 37-2 | 38-17 | 40-94 | 40-38 
Sulphur . . .| 0-79 | 2-20] 2-18] 3-07] 2-48] 2-56] 2-64] 3-22] 2-45 
Ohlorine . . .{| 0-25] 1:35| 9-07| 7-37] 8-43] 6-41] 5-53! 5-07] 4:96 
Acidity. . 0-0 0-28 | 0-92| 0-92] 0-65] 0-55] 0-70) 0-68} 0-92 
Arsenic (see p. 64) 


Manurial Value of Soot. 

Apparent density 0-2748) 0-2048| 0-1922/ 0-1964; 0-2450) 0-2313) 0-2428) 0-2865 

No. of lbs per 
bushel . . 

Value per bushel 

Value perton . 


22 | 16 | 154 | 15% | 193 | 18k | 193 | 23 
Bhd. | 64d. | 64d. | 54d. | Td. | 64d. | 6hd. | Ts 
£2 3 O/£3 17 0/£3 19 0£3 16 0\£3 7 6\£3 7 6£3 1 O£2 160 


Analyses of Domestic Soot from North Grange Mount, Headingley. 


Original coal. | Kitchen flue. Study flue. 


SES a ee 76-47 45-91 47-15 
Hydrogen . ... . 5-22 2-18 4-85 
Narocen ts 1-32 2-33 5-57 
Co Se 2-10 27:34 20-22 
is a 0-92 10-20 15-68 
la Qa 0-99 1-46 2-32 
CHIGEITIG Se ak sc! orite 0-27 4:64 6-46 
Acidity . . eres 0-0 0-0 0-50 


Arsenic (see p. 65) 


Manurial Value of Soot. 


Apparent density . . - 0-3265 0-2368 
No. of Ibs. per bushel . . 254 19 
Value per bushel . . . 34d. 64d. 
Value perton . ..- .- £1 4 5 PPA 085, 
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Analyses of Soot from University. 
Boiler soot. 
Original |Domestic 
coal. soot. 

Base. |13 ft. up.|70 ft. up.| Top. 
Carbon . 69-30 | 40-50 | 19-24 | 16-66 | 21-80 | 27-00 
Hydrogen 4:89 | 4:37 2°71 0-86 1-44 1-68 
Nitrogen 1:39 | 4-09 0:23 0-00 1-18 1-09 
Ash 8-48 | 18-16 | 73°37 | 75-04 | 66-04 | 61-80 
Tar. 1-64 | 25-91 0-09 0-28 0-80 1-14 
Sulphur 1-74 | 2-99 2:76 2-07 2-58 2-84 
Chlorine 0-27 | 5:19 0-11 0-75 1-46 1-60 
Acidity . ree 0-0 0:39 1-62 1-04 0-58 0-47 
Arsenic (see p. 64) 

Manurial Value of Soot. 
| 

Apparent density . 0-340 | 0-447 | 0-467 | 0-436) 0-429 
No. of lbs. per bushel 27-0 35-8 37-4 34-9 34:3 
Value per bushel 8id. 4d. 0d. 24d. 24d. 


Value per ton . 


£2 6 0} 2s. | nil 


13s 2d.| 12s. 2d. 


Analyses of Soot from Brass Foundry in Leeds. Liquid fuel used. 


Carbon 
Hydrogen . 
Nitrogen 
Ash 
Tar A 
Sulphur 
Chlorine 
Acidity 


Apparent density 
No. of lbs. per bushel 
Value per bushel . 
Value per ton 


Base. Top. 
11-36 47-71 
1-03 2°35 
O-11 2-32 
82-16 31-42 
1:02 10-62 
2°23 4-36 
0-28 1-47 
0-00 0-65 

Manurial Value of Soot. 

0-7915 0-5017 
63:3 40-1 

4d. 54d. 
ls. 3d. £1 5-11 
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Attention has been called on p. 4 to the great outstanding 
differences in the composition of domestic and boiler soots, these 
differences being due principally to differences both in temperature 
and in draught. Thus, a boiler soot is characterized by the high 
percentage of mineral matter it contains, and by the smallness of 
its content of combustible matter, i.e. carbon and hydrogen, and 
volatile products, ¢.e tar, ammonium chloride, and ammonium 
sulphate. Domestic soots, on the other hand, are rich in volatile 
and combustible matter, and poor in ash or mineral matter. It is 
interesting, too, to note in the case of boiler soots, that further 
up the chimney where the temperature is naturally lower we get 
a striking increase in the percentage of carbon, tar, and ammonium 
chloride, and a corresponding decrease in the percentage of ash. 
In the case of domestic soots, however, the differences in composition 
as we get further from the source of combustion are not so striking 
and not always in the same direction as those observed in the 
case of boiler soots. Thus, while there is a slight tendency for the 
percentage of tar to increase and the percentage of ash to decrease, 
the amount of an easily condensible volatile product like ammonium 
chloride apparently reaches its maximum about ten feet from the 
base of the chimney, and then steadily decreases. 

As a manure, soot is valuable principally on account of the 
nitrogen it contains, this nitrogen being present almost entirely 
in the form of ammonium chloride or ammonium sulphate. As 
nitrogen in this form is worth commercially about 12s. a unit 
of 6d. a pound, and as the nitrogen content of soot may vary 
from 0 to 7 per cent., it naturally follows that the commercial 
value of soot as a fertilizer will vary from nothing to £4 per ton. 
As most soot is disposed of locally at from £2 10s. to £3 per ton 
and as no guarantees can be obtained as to its composition, the 
purchaser may or may not be getting value for his money. For- 
tunately, however, some indication of the value of soot as a fertilizer 
can be obtained from its density, and the lighter the soot the higher 
as a rule will be its nitrogen content and the greater its commercial 
value. A bushel of domestic soot will, as a rule contain 1 lb. of 
nitrogen, and approximate in value to about 6d. ; it is, therefore, 
advisable to buy by the bushel rather than by the ton. Further, 
no genuine domestic soot should weigh more than 1 quarter to the 
bushel, and any sample weighing more than 28 lbs. to the bushel 
may be looked upon as being a boiler soot possessing little or no 


fertilizing value. 


1 Cohen and Ruston, J. Soc. Chem. Ind., 1911. 
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Analyses of Leeds Rain-water ! 


From October, 1906, to the end of 1909 samples of rain falling on 
the Manor Farm, Garforth (Experimental Farm of the University 
of Leeds and Yorkshire Council for Agricultural Education), were 
periodically collected and analysed. The farm is situated some 
six miles due east of the city of Leeds. The prevailing winds are 
westerly, and hence convey much of the impurity of the Leeds 
atmosphere over the farm. 

The outstanding feature of these Garforth results is the relatively 
high amount of each of the different impurities estimated. 

Thus, for the four years 1906-1909 the total number of pounds 
of nitrogen deposited per acre? at Garforth amounted to 9-8, 
as compared with 3-8 the average at Rothamsted; the average 
precipitation of sulphur was equivalent to 96 pounds of SO, at 
Garforth, as compared with 17 pounds at Rothamsted. The 
average yearly precipitation of chlorine was 21 pounds as com- 
pared with the Rothamsted average of 15 pounds, while the im- 
pure nature of the Garforth atmosphere is strikingly illustrated 
by the fact that free acid equivalent to no less than 20 pounds of 
sulphuric acid is yearly brought down by the rain. 

Other points of interest are— 

(a) The amount of nitrogen brought down in the course of the 
year is largely determined by the amount of the rain. This is 
clearly evident in the data given below :— 


Nitrogen (as ammonia + 


Year. Rainfall in inches. nitric acid.). 
1907 27-1 8-45 Ibs. per acre 
1908 22-7 746, a 
1909 28°5 9-48 


This is also shown by the fact that while the amount of nitro« 


1 Crowther and Ruston, J. Agric. Science, vol. iv. 
* To convert pounds per acre into tons per square mile, multiply by 2/7. 
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gen actually present in the rain, and expressed in parts per million, 
is fairly uniform during the summer and winter months, the total 
amount expressed in pounds per acre is greater during the summer 
months owing to the heavier rainfall. 

(b) The winter rain, as at Rothamsted, was decidedly richer in 
chlorine than that falling during the summer months. 

(c) The winter rainfall was more than twice as acid as the 
summer rainfall, the proportion being notably high in the months 
of December and January. 

(d) Light rains were proportionately more concentrated than 
heavy rain. 

(e) The impurities in the rain are to a large extent influenced 
by the prevailing winds, rain falling when the wind is blowing 
from a westerly direction over Leeds being much more impure 
than that accompanying a north or north-east wind, which would 
blow over a purely agricultural district, e.g.— 


Parts per million 
——————————————— 
Wind. Total N. Cl. SO3, Acidity. 


October 1-2,1906 . W.  0-0917 0°85 1:59 0-465 
October 3,1906 . N. 0-0419 0-35 Liz 0-350 


(f) Notwithstanding these variations, the total amount of these 
impurities brought down yearly, when expressed as pounds per 
acre, give a fairly constant figure, the largest variation being found 
in the amount of free acid deposited. 

The amounts of chlorine (present as chlorides) found in the 
yearly rainfall ranged from 27-9 tons per square mile at station 9 
to 56-5 tons at station 2.. Throughout the semi-industrial and 
non-industrial area the amount was not more than about 14 tons 
per square mile, with the exception of station 6, where the total 
reached 31 tons. This high figure finds an explanation in the salt- 
glazing process carried on at a neighbouring fireclay works. The 
excessive amount of this impurity in all the rain-water is largely 
due to smoke pollution, coal containing roughly 0-3 per cent. of 
chlorine, and soot sometimes containing as much as 9 per cent. of 
this substance.! 


1 See Appendix B, p. 99. 


APPENDIX D 


Smoke and the Electrification of Plants 


THE recent researches of Professor Priestley and other workers 
have shown that by means of electrification, plants may be stimu- 
lated to give both larger crops and earlier maturity. In Professor 
Priestley’s experiments high tension electricity is discharged from a 
system of thin insulated wires stretched over the crops. The 
high tension electrifying at from 50,000 to 100,000 volts was gener- 
ated by the Lodge Newman system of transformer, valves, etc., 
and was supplied to a network of thin wires raised some fifteen feet 
from the ground. Working both in a rural district like Dumfries 
and in an industrial district like Garforth, near Leeds, his results 
apparently seemed contradictory ; in the former case distinctly 
beneficial results were obtained, while in the latter district either 
neutral or negative results were shown. Using the method of 
electrical discharge under laboratory conditions in Leeds on a small 
scale, with pot cultures, Professor Priestley found that the unelectri- 
fied control plants did much better than the electrified ones, which 
all seemed to show exaggerated signs of apparent smoke damage, 
while the benches upon which the electrified pot cultures were stand- 
ing were thickly coated with a deposit of black smuts. 

In his investigations at Garforth, Professor Priestley found great 
difficulty in obtaining accurate measurements of potential distri- 
bution, because of the smoke-laden air. When the wind blew from 
the direction of some of the collieries south-east of the experimental 
field, the atmospheric potential varied very considerably, the gradient 
varying from 50 to 1,000 volts per metre. Steuart and Jorgensen in 
taking measurements of the potential gradients of the atmosphere 
from a grass field 150 yards from the Kirkstall Forge in the indus- 
trial area of the town, found when the wind was blowing from 
the Forge that the potential gradient varied rapidly between 720 
and 2,200 volts per metre during 40 minutes. 

On another occasion, when a slight wind was blowing at right 
angles to the railway some 300 yards away, and the smoke from the 
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trains was wafted slowly down to the instruments the passage of each 
train was timed, and the effect of its smoke upon the potential 
gradient was seen some five minutes afterwards, when that gradient 
varied from approximately 120 to 960 volts per metre. 

It would appear that the high potential gradient causes a segre- 
gation of the smaller smoke particles, the larger coalesced particles 
being then more quickly deposited and thus accentuating the smoke 
damage. 

In order to test whether this was actually the case, funnels 
were placed in the “‘ Peat Mires,”’ one of the experimental fields at 
Garforth, the crops in which were being subjected to high tension 
electrical discharge, and others were placed in adjoining fields not 
so treated. The rain water collected in the funnels was analysed 
at the end of each month, and from the results of the analyses it 
was quite evident that the electrification of the atmosphere brings 
about a heavier deposition of soot particles, and that these soot 
particles act as nuclei of condensation for other smoke products. 


Parts per Million. 


Electrically 


Tasted. Untreated. 
Suspended matter. . . . . . 270-8 81-0 
DBNBS mete os Pe 3, es GAM Bi cs ianie 15:3 3°8 
ACiCb yeas el OO eek oh ee ees 10-3 10-6 
vey ya] ao «| A Ee ae ae ae ae re ae eee 5 33-2 15-6 
DLO MUNAs tS Oss: 2. ets hs os ine 7-2 0:36 
Chlorine Rees TO eS 24-9 10-3 
INIEPOSeINeN Ee rc They tyst ele a eae 4-12 1-481 
iNitrogenresaN Ogee, ay ue eens 0-813 0-493 
Nitrogen as albuminoid ammonia . 0-434 0-167 
Lotalenitrowen: ows 9, eels ciee uy 5:367 2-041 


If these results generally hold good they indicate that while the 
electrification of plants may prove beneficial in the rural districts, 
the process cannot be used to advantage in the districts where its 
value might be greatest, such as in the market gardening districts 
in the neighbourhoods of the industrial areas. In such areas the 
intensified smoke effects would more than counterbalance the good 
effects which might otherwise result from the electrical treatment. 
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